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LETTER OF TRANSMITTAL 





Hon. Curnton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
U.S. Congress. 

Dear Mr. CuarrMan: Transmitted herewith for the information 
of the Joint Committee, the Congress, and the public are selected 
materials on employee radiation hazards and workmen’s compensation 
which will be the subject of public hearings next month by the Sub- 
committee on Research and Development. The subcommittee’s 
hearings, which are scheduled to begin March 10 and extend through 
March 19, are aimed primarily at developing and compiling informa- 
tion on the many complex aspects of this problem as a guide for 
future action. 

The materials in this print include a detailed report by the AEC, 
in cooperation with the Department of Labor and others, which covers 
the major subject areas involved and was prepared in response to 
my request of last May. The print also includes selected statements, 
articles, and other documents which are a representative sampling 
of informed opinion on various aspects of the problem. It is hoped 
that these materials, printed in advance of the hearings, will prove 
useful to committee members and all others interested in this important 
area of inquiry. 

Sincerely yours, 
MELVIN PRICE, 
Chairman, Subcommittee on Research and Development. 


Im 





CONTENTS 


Lotter of tattabtmtithela. ic icc cn dusicn tds attdeds eee wnsdslitindesonc 

Outline of hearings by Research and Development Subcommittee_____-__ 

Chapter 1. Report to the Joint Committee by AEC entitled ‘‘ Employee 
Radiation Hazards and Workmen’s Compensation”’: 

OT ee ee ee ee ee 

Fare 5, CGR NON 8 shar dae abe nade amas 

Part II. Standards, Administrative Requirements, and Protective 
Measures—AEC Contractor Activities. ..............-..-----.-- 

Part III. Industrial Experience—AEC Contractors_...........---- 

Part IV. Radiation protection in the AEC licensing program 

Part V. Radiation protection training............................ 

Part VI. Radiation Exposure, Injury, and Compensation 

Appendixes: 

Appendix A. The National Committee on Radiation Protection 
and Measurement—lIts organization, membership, and accom- 
Pi sso os is sk <n on seeded acksseenedi ~sudedew 

Appendix B. AEC manual requirements___..........---------. 

Appendix C. Current status of AEC licensing program_-_--_-_---- 

Appendix D. Views of two AEC consultants on radiation ex- 
posure and compenention 0260. cicusce colli hs ces 

Appendix E. Supporting tables and other data to part VI, section 
3 ‘‘Analysis of Workmen’s Compensation Laws in Relation to 
en I nnn aitate in aneaivies aanaetenescetnedinicé 

Chapter 2. Associated Documents and Materials: 

Part I. Radiation Protection in the Industrial Use of Radiation— 
Paper by W. A. McAdams, General Electric Co., presented at Sec- 
ond Geneva Conference on Peaceful Uses of Atomic Energy- ----- 

Part II. Workmen’s Compensation and Radiation See ae 
7 Dr. Earl Cheit, St. Louis University, presented to AFL-CIO 

onference on Atomic Radiation Hazards, Washington, D.C., Feb- 
ruary 27, 1957 

Part III. What Protection Do Present Workmen’s Compensation 
Laws Afford Workers and Their Families Against Wage Loss for 
Disability or Death From Occupational Diseases—Address by 
Ashley St. Clair, Liberty Mutual Insurance Co., presented to 
Annual Convention of Industrial Accident Boards and Commis- 
sions, Seattle, September. Oy 19G6..< 3.5.4 0 ns sero edosinceneness 

Part IV. Radiation and Workmen’s ee a by 
A. J. Biemiller, Legislative Department, CIO-AFL Conference on 
Workmen’s Compensation, April 15, 1958_.............----.--- 

Part V. Report on Workmen’s Compensation, by the Special Com- 
mittee on Atomic Energy Law, presented to Annual Meeting of the 
American Bar Association, 1957.................--..---------- 

Part VI. Extract from “Suggested State Legislation’ —Program for 
1959, prepared by Committee of State Officials on Suggested State 
Legislation, Council of State Governments. -_-_..........--.----- 

Part VII. Report by Council of State Governments on Workmen’s 
ae Standards, including Suggested State Legislation, 
195 


Part VIII. Report of Atomic Ene Committee, International 
Association of Industrial Accident Boards and Commissions, to 
44th Annual Convention, Seattle, September 9, 1958.........--- 

Part IX. AEC Regulation on Stand for Protection Against Ra- 
diation (Title 10—Atomic Energy, Chapter 1, Part 20)........-.-.. 

Part X. Summary of accidents and incidents involving radioactive 
material in atomic energy activities, June 1945-December 1958__.. 


Vv 


Page 
Itt 
vil 


101 
131 
133 


141 


173 


179 


185 


206 


210 


214 


218 


230 
238 
254 





Fesruary 10, 1959. 
JOINT COMMITTEE ON ATOMIC ENERGY 


SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT 


PUBLIC HEARINGS ON EMPLOYEE RADIATION HAZARDS 
AND WORKMEN’S COMPENSATION 


March 10, 11, 12, 17, 18, 19, 1959 
OUTLINE 
Tuesday, March 10 (P.M.) 


I. Generat Backerounp. Background statement outlining the 
broad problem of industrial radiation hazards as a general 
framework for subsequent detailed discussion of radiation 
hazards to employees in atomic energy installations, including: 

A. Opening Statement. 

B. Standards and Their Historical Development. 

‘C. Origin and Nature of Industrial Hazards and Radiation 
Injuries: 

1. Source of injury. 

2. Kinds of injury. 

3. General scope and extent of radiation hazards 
and accidents. 

D. Safety Programs: 

1. General description of programs to promote in- 
dustrial safety at Government, contractor, and 
licensee installations. Discussion would include 
explanation of different types of controls be- 
tween Government and private installations. 


Wednesday, March 11 (A.M., possibly part of P.M.) 


II. Examptes oF EXPERIENCE AT INDIVIDUAL INSTALLATIONS. 
Typical examples of operational experience with radiation 
roblems encountered in individual installations. Primary, 
ut not exclusive, focus would be on atomic radiation injury. 
Discussion would cover measures employed locally at individ- 
ual installations, Government, contractor, and licensee, to 
maximize worker safety, including physical and personnel 
protective measures, instrumentation and monitoring, educa- 
tion and training, and local inspection. 
A. Opening Statement. 
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B. Experience at Various AEC and Private Installations: 
1. Survey of radiation hazards in atomic energy 
industry. 
2. Mines and mills. 
3. AEC installations: 
a. Employer representative. 
b. Union representative. 
4. Industrial uses of isotopes. 


Thursday, March 12 


IIT. Current Feperat, State snp. Private Activities Wits 
REGARD TO PREVENTION oF RapratTron AccIDENTs TO Em- 
PLOYEES. Discussion of measures being employed by the 
Federal Government, States, and private organizations, to 
minimize radiation hazards and protect the health and safety 
of employees, including: 

A. AEC and Other Federal Agencies: 

1. Regulatory activities. 

2. Educational and promotional activities: Descrip- 
tion of AEC, HEW, and Labor Department 
roles. 

B. State Activities. 

C. Private Activities: 
1. Employer programs. 
2. Union programs. 


Tuesday, March 17 (A.M. and P.M.) 


IV. Appiication or WorkKMEN’s ComprnsatTion Laws To Rapl- 
ATION INJURIES: 
Introduction. 
A. Main Problem Areas: 
1. Coverage of radiation diseases. 
2. Medical benefits and supervision of medical care. 
3. Statute of, lumitations. 
4. Proof of causal relationship. 
Presentations: 
(Industrial medical representative. 
State labor department representative. 
Private insurance representative. 
B. Existing Laws and Practices: 
1. Existing laws and regulations, and their in- 
adequacies. 
2. Present methods of meeting inadequacies: 
a. AEC experience (chiefly contract oper- 
ations). 
b. Private insurance. 
c. State compensation insurance funds. 
3. Seminar discussion, to include definition of overall 
objectives of workmen’s compensation and 
whether they are being met. 
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Wednesday, March 18 (A.M. and P.M.) 


V. Prorosep CHancess in Laws: 
A. Résumé of Inadequacies and Proposed Changes. 
B. Proposals for Change: 
1. State action (A.M.): 
a. Council of State Governments repre- 
sentative. 
b. International Association of Industrial 
Accident Boards and Commissions 
ATABC 


Cc. Department of Labor and other Federal 
agency recommendations. 
2. Federal action (P.M.): 


Representatives of AFL-CIO and member 
unions. 


Thursday, March 19 


VI. Summary. Round table discussion of important points emerging 
from the hearings, 











CHAPTER 1. REPORT TO THE JOINT COMMITTEE 
BY THE ATOMIC ENERGY COMMISSION ENTITLED 
“EMPLOYEE RADIATION HAZARDS AND WORK- 
MEN’S COMPENSATION” 





FOREWORD 


In a letter dated December 9, 1957, the Executive Director of the 
Joint Committee on Atomic En advised the Commission’s General 
Manager of the intention of the Research and Development Subcom- 
mittee to hold public hearings ‘‘on workmen’s compensation and regu- 
lations covering radiation injuries to workers in atomic installations.” 
This letter also requested the assistance of the Commission’s staff in 
making preparations for the hearings, which it was believed, at that 
time, would be held in the spri of 1958. 

During the next several months staff members of the Joint Com- 
mittee and the Commission met upon several occasions to discuss the 
probable scope of the hearings. On one of these occasions they were 
joined by representatives of other Federal agencies, State governments 
organized labor, industry, insurance organizations and other interested 
groups. Asa result of these meetings, general agreement was reached 
on the scope of the hearings, i. e. in terms of areas of interest that 
would be explored and the factual data that would be assembled in 
advance of the hearings. 

On May 9, 1958, the Chairman of the Research and Development 
Subcommittee advised the Commission’s General Manager that the 
proposed hearings had been postponed until the 1959 session of the 
Congress, and requested that the Commission submit to the Joint 
Committee by January 1, 1959, a report on the major subject areas 
that had been previously agreed upon. The report which follows 
has been prepared in accordance with this request. 

The General Manager wishes to note the excellent cooperation the 
Commission has received from outside its own staff in the preparation 
of this report. He would particularly like to express his appreciation 
for the excellent contributions made to the report, and later appro- 
priately identified, by Dr. Lauriston S. Taylor of the National Bureau 
of Standards and Chairman of the National Committee on Radiation 
Protection and Measurement; by Mr. Arthur W. Motley, Director, 
Bureau of Labor Standards of the Department of Labor and his staff; 
by the Commission’s consultants, Dr. Shields Warren of the Cancer 
Research Institute, New England Deaconess Hospital, and Dr. James 
H. Sterner, medical director of the Eastman Kodak Co.; and by its 
contractors, the General ElectricCo., Phillips Petroleum and Associated 
Universities, Inc. In addition, the General Manager is indebted to 
the assistance provided the Commission’s staff in connection with the 
preparation of part V by the Departments of Defense, Commerce. 
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2 RADIATION HAZARDS AND WORKMEN'S COMPENSATION 
Labor, Health, Education and Welfare, and the Office of Civil and 
Defense Mobilization. 

It is hoped and believed that the Joint Committee will find this 
report to be of assistance to it in continuing its preparation for the 
forthcoming public hearings on this extremely important subject. 


PART I 
GENERAL BACKGROUND 
INTRODUCTION 


As indicated by the title, this part of the report is designed to provide 
general background information necessary to an understanding of 
radiation as a potential industrial hazard. Because radiation has 
been recognized as a source of occupational injury or disease, standards 
have been developed over the years governing maximum permissible 
e ure levels. 

e authoritative body in the United States in the field of radiation 
exposure standards is the National Committee on Radiation Protec- 
tion and Measurement (NCRP). Section 1 describes the history of 
this organization and section 2 discusses the historical development of 
the standards and their underlying philosophy. Both of these sec- 
tions are abridgements of published. articles written by Dr. Lauriston 
S. Taylor, Chief, Atomic and Radiation Physics Division, National 
Bureau of Standards, and the Chairman of the NORP. » Their abridge- 
a and incorporation in this report have been authorized by 

aylor. 
ection 3 ees in general the scope of the Federal Government’s 
research — bearing upon or related to the staridards, with 
more detailed treatment being given to the research programs ‘of the 
AEC. Section 4 discusses the origin and nature of industrial hazards 
and radiation injury. 


Sxction 1. Tae Nationat CommitTex ON RAprIATION PRoTscTION 
AND MEASUREMENTS ! 


INTRODUCTION 


The National Committee on Radiation Protection and Measure- 
ments was established in the United States in 1929, since which 
time it has provided the basic standards and guidance i in the field. 
Through the cooperation of many organizations this has proven to 
be an effective program. At the same time through interlocking 
membership between the NCRP and the International Commission 
on Radiation Protection, the views of this country have been inte- 
grated into the world views. A brief description of the activities 
of the NCRP and its reports is presented in this section. 


1 This section hy aa abridgment and ges + an article written by Dr. L. 8. Taylor and published 
in “Health Physics,” Pergamon Press, 1958, v 
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FORMATION 


The roots of the National Committee on Radiation Protection and 
Measurements go back to 1928 and are intimately related to the 
formation of the International Commission on Radiological Proteec- 
tion in July of that year. With the possibility in mind of forming an 
international organization on radiological protection, the Second 
International Congress of Radiology, eae meeting in Stockholm 
in July 1928, invited several countries to send representatives to the 
Congress for the purpose of discussing protection problems and 
possibly preparing some initial X-ray protection recommendations. 

rom the United States, L. S. Taylor was designated as representa- 
tive of the National Bureau of aeedande and one representative 
each attended for the American Roentgen Ray Society and the 
Radiological Society of North America. 

When attempts were made to reach agreement between the United 
States and other countries, serious difficulties arose. Each of our 
two radiological societies offered different recommendations and each 
claimed to be the authoritative body. The NBS had no recom- 
mendations to offer and was there more by way of an observer. As 
a result, the recommendations that were in fairly acceptable form, 
prepared by the British protection committee, were adopted as the 
first international recommendations. In the process, the United 
States delegates showed up rather poorly, in that agreement could 
not be vealed on who authoritatively represented the views of the 
United States. 

Concurrent with the meetings of the Congress, G. W. C. Kaye and 
Stanley Melville (Great Britain) and L. S. Taylor (United States) set 
about to organize a permanent structure for an international organ- 
ization. After preliminary discussions, during which some general 
rules of organization were developed, the International Commission 
on Radiological Protection ? was organized. 

It was agreed that the Commission should be kept small, and that 
wherever possible, representatives to the Commission should be chosen 
from National Laboratories where such laboratories existed in member 
countries. This arrangement and the general philosophy of operation 
of the Commission was approved by the Second International Con- 
gress of Radiology before the close of its sessions. 

Because of the confusion regarding accredited representation, intro- 
duced primarily by the United States but also by Germany and to a 
lesser extent by France, the chairman of the ICRP, Dr. G. W. C. Kaye, 
recommended that a single central committee be established withi 
those countries having more than one radiological organization for the 
purpose of consolidating national recommendations for presentation 
at the next meeting of the Commission. It was suggested that the 
members of the ICRP take this up individually with the various 
groups in their countries. 

As the U.S. representative to the international protection group, it 
became the responsibility of L. S. Taylor to convey its recommenda- 
tion to the various groups involved in this country, to convince them 
of its soundness, to obtain their approval and suggestions, and to 


2 Until 1946, the Commission was called the International X-ray and Radium Protection Committee. 
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organize a national committee which could deal most effectively with 
the protection problems faced at that time. 

As a result of discussions in the fall of 1928 with officers of the 
American Roentgen Ray Society and the Radiological Society of 
North America, it was agreed to consolidate their protection activities 
into a single committee. They further recommended that the com- 
mittee’s activities be centralized at the National Bureau of Standards 
for the following reasons: 

(1) It had by that time established a definite long-range pro- 
gram in the general field of radiation protection. 

(2) It bat the only laboratory in the country having as its 
primary interest the development of radiation-protection data 
and information. 

(3) It had no inter-society or political ties and therefore could 
be expected to retain an independent position and viewpoint. 

(4) It provided the official U.S. representative to the Inter- 
national Commission on Radiological Protection. 

The two radiological societies each recommended a physicist and a 
radiologist for membership in the proposed national committee and 
the American Medical Association appointed a member to represent 
its viewpoints. It was also felt that representation of the X-ray 
equipment manufacturers would be desirable and each of the manu- 
facturers was asked to nominate candidates for this representation. 
Of the nominations received, the manufacturers then chose two to 
serve as their representatives. 

Thus, early in 1929, the initial organization of the Advisory Com- 
mittee on X-ray and Radium Protection was established with L. S. 
Taylor acting as chairman and with the following participating 
organizations: American Roentgen Ray Society, Radiological Society 
of North America, American Medical Association, X-ray Equipment 
Manufacturers, National Bureau of Standards, and ICRP. 


HISTORY 


The first meeting of the committee was held in September 1929, 
during the annual meeting of the American Roentgen Ray Society. 
As its first objective, the committee undertook the preparation of 
recommendations on X-ray protection. These were published on 
May 16, 1931, as National Bureau of Standards Handbook 15. 

he next effort was directed towards the preparation of recom- 
mendations on radium projection, and the first handbook on radium 
protection, NBS Handbook 18, was published March 17, 1934. 

Soon after the publication of Handbook 15 on X-ray Protection, 
very rapid developments were made in the X-ray field; by 1934 or 
1935 it was recognized that this handbook would have to be revised. 
The revised recommendations were issued in July, 1936 as NBS 
Handbook 20. 

In this handbook, there appeared for the first time the recommenda- 
tion of a specific permissible exposure level (then called tolerance dose) 
of radiation that could be allowed for occupational exposure. The 
figure recommended was 0.1 r/day. This permissible exposure level 
remained in force for 12 years and was used by the Manhattan 
Engineering District in its operations. It was subsequently changed 
as a result of NCRP action in about 1948. 
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The revision of Handbook 18 on radium protection was next under- 
taken and the new handbook (H23) was issued August 25, 1938. 

These two handbooks, H20.and H23, were accepted in this country 
as the primary guides for protection against X-rays and the radia- 
tions from radium. As noted above, they were also the primary 
guides in this field to the Manhattan project. 

Through the war years, there was no formal activity by the Advisory 
Committee. During the time, however, most of the members of the 
Advisory Committee were drawn into the MED program and it was 
largely through their efforts that uniform safety regulations prevailed 
during that period. 

During its early activities, it was customary for the full committee 
to work together on the development of protection recommendations. 
When completed, the recommendations were submitted through their 
respeatys meprenensaierse to the participating organizations for noting 
and approval. Formal approval was usually given at one of the regu- 
lar business meetings of the societies. With the NBS as one sponsor 
of the committee, the recommendations were published by the Govern- 
ment Printing Office as National Bureau of Standards Handbooks thus 
receiving the usual NBS editorial processing. 

In September 1946, an informal meeting of the Advisory Committee 
was held to discuss the extensive revision needed in the X-ray protec- 
tion recommendations, particularly in the upper voltage regions. At 
this meeting, it was pointed out that protection problems had become 
too complex to permit their study and solution by the committee as 
then constituted. It was recommended that steps be taken to secure 
the participation in this work of additional groups such as the MED 
and U.S. Public Health Service, Military Department, ete. As a 
result in October 1946, Dr. S. L. Warren and Dr. K. Z. Morgan were 
appointed as representatives of the MED and the USPHS named 
Dr. H. L. Andrews and Dr. E. G. Williams. 

The first normal postwar meeting of the Committee was held on 
December 4, 1946. In the agenda for this meeting, it was pointed out 
that new data had become available since the issuance of the recom- 
mendations on X-ray protection and that many new protection prob- 
lems had arisen with the rapid expansion in the radiation field (protec- 
tion against neutrons, multi-million volt X-rays, radioactive isotopes, 
etc.). It was suggested that the scope of the work be defined; and 
that consideration be given to organizing small working groups to 
deal with each of the problems, their completed reports to be sub- 
mitted to the committee for approval. 


ORGANIZATION 


At the December 4, 1946, meeting, it was agreed that the Committee 
should be substantially enlarged and reorganized. At the same time, 
it was felt that the name of the Committee should be made more 
inclusive and it was therefore renamed National Committee on Radia- 
tion Protection. The National Bureau of Standards was reaffirmed as 
the central coordinating agency for the work of the Committee; spon- 
sorship by an impartial agency was felt to be particularly advantage- 
ous in view of the various types of participating organizations (radio- 
logical societies, industry, government, and the possible inclusion of 
industrial and labor groups). 
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The general organization and operational procedures outlined be- 
low were agreed upon at this meeting, and have been the basis for the 
continuing operation of the Committee: 

(1) The Committee would consist of an Executive Committee, 
Main Committee and as many subcommittees as necessary to 
consider the problems that come within the Committee’s scope. 

(2) The Executive Committee would be composed of five mem- 
bers appointed by the chairman and subject to the approval of 
the Main Committee. The Committee chairman would act as 
chairman of the Executive Committee. 

(3) The Main Committee would be composed of (a) tech- 
nically qualified representatives appointed by organizations in- 
terested in the scientific and technical aspects of radiation pro- 
tection, (6) representatives at large whose services are felt to be 
of special value, appointed by the Executive Committee, and (ce) 
chairmen of subcommittees. 

(4) The choice of chairmen and members of subcommittees 
would not be restricted to members of the Main Committee but 
ce be based on the particular qualifications needed for the 
work. 

(5) The final report of the subcommittee would be submitted 
to the Executive and Main Committees for approval. Because 
of the high degree of success of the NBS Handbook series, it was 
recommended that this mode of publication and distribution to 
the public be continued. 

Because of the reorganization and enlargement of the Committee, 
the chairmanship was thrown open for reconsideration. L.S. Taylor 
was nominated and approved by vote to continue indefinitely in this 
capacity. 

t was agreed to establish the following subcommittees: 

(1) Permissible external dose. 

(2) Permissible internal dose. 

(3) X-rays up to 2 Mev. 

(4) Heavy ionizing particles (neutrons, protons and heavier). 

(5) Electrons, radium, and X-rays above 2 Mev. 

(6) Radioactive isotopes, fission products, including their 
handling and disposal. 

(7) Monitoring methods and instruments. 

Since then the following additional subcommittees have been 
established: 

(1) Waste disposal and decontamination; 

(2) Protection against radiations from Ra, Co” and CS” 
encapsulated sources; 

(3) Regulation of radiation exposure dose; 

(4) Incineration of radioactive waste; 

(5) Electron protection; 

(6) Safe handling of cadavers containing radioactive isotopes; 

(7) Permissible exposure doses under emergency conditions; 

(8) Standards and measurement of radioactivity for radi- 
ological use; 

(9) Standards and measurement of radiological exposure dose; 

(10) Standards and measurement of absorbed badiation dose ; 

(11) Relative biological effectiveness. 
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With the formulation of these basis philosophies, the Committee 
began its active-program. 
Appendix A~1 contains a list of handbooks published to date. 
Appendix A-2 contains the NCRP membership list showing the 
Tr representation, subcommittee structure, and complete mem- 
ership. 


Section 2. Historica, DEvELOPMENT oF RapbDIATION ExpPosuRE 
STANDARDS * 


INTRODUCTION 


The main purpose of this section will be to explain the background 
of the problem of protection against the harmful effects of radiation. 
With an understanding of this it should be easier to apply the protec- 
tion measures prescribed by various responsible bodies for the solution 
of specific problems. Protection cannot be adequately supplied by 
rule alone—any rules should be regarded mainly as guides, and should 
be freely ns et by good judgment, commonsense and a full 
understanding of the end objectives. 

Most radiation workers are aware, at least in a general way, of the 
existence of so-called ‘‘maximum permissible limits of radiation dose’’; 
what is not so certain, is their understanding that these levels are to be 
regarded as maximums, and not as levels which should be applied 
without further question to the whole population or even the much 
smaller group of radiation workers. 

For the last 30 years the International Commission and related 
national bodies have, without exception, emphasized the need for 
working as far below the maximum as circumstances permit. Part of 
the reasoning behind this emphasis was the strong feeling, based 
upon very limited evidence, that it might be necessary to establish 
lower permissible levels when the fraction of the population exposed 
becomes substantially larger. That time is now approaching. 

Another part of the reasoning was based upon sheer prudence, with 
the knowledge that aside from medical applications, no radiation is 
good for man. 

The possibility of the lowering of the permissible exposure levels has 
been mentioned. Such lowerings have occurred in several major 
steps since the first quantitative Timite were established by the ICRP 
in 1934. The reasons for this have been various and, except for the 
most recent change, will not be discussed in any detail. Suffice it to 
say that the principal factors have been, first, an improved knowledge 
of radiation effects on the human system and second, the engineering 
developments that have made it possible much better to confine the 
undesired radiation, in spite of the much greater quantities being used. 

It may perhaps sound startling to contend that the establishment 
of permissible levels of radiation exposure is not basically a scientific 
problem. Indeed, it is more a matter of philosophy, of morality, and 
of sheer wisdom. True, the basic knowledge used in establishing 
radiation levels is derived from scientific sources, and by and large 

’ This section is an abridgment of an article written by Dr. L. 8S. Taylor which ap) in ‘Health 
Physics,”” Pergamon Press, vol. 1. The article was first delivered as a lecture at the UNESCO Inter- 
national Conference on Radioisotopes in Scientific Research held in Paris on September 10, 1957, and is 
believed by Dr. Taylor to represent the views of the International Commission on Radiological Units and 
Measurements, and the U.S. National Committee on Radiation Protection and Measurement. 

34434592 
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the use and application of this knowledge must be by scientists, drawn 
from many fields of endeavor. Also, the achievement of the protec- 
tion goals is purely a matter of science and engineering. 

But before a maximum permissible dose of radiation can be set for 
man, there must be an unequivocal answer to one question: ‘what 
amount of radiation may man receive in either chronic or acute 
exposure without any harm to himself or his progeny?” At present 
the only answer to this question is: “‘None.”’ There is today little or 
no direct, positive proof that there does or does not, exist some level 
of exposure below which harm will not result. It was recognition of 
this lack of proof that led the ICRP many years ago to discard the 
term ‘‘tolerance dose’’ which implied that there was some degree of 
irradiation that was wholly without harm. In its place is used the 
term ‘“‘permissible dose,’’ which, while not completely unobjectionable, 
does not carry the connotation of absolute safety. 

There are then, two factors that remove radiation protection from 
the field of science to the field of philosophy: (1) lack of a clear and 
scientifically unobjectionable answer to the question posed above, and 
(2) the consequent necessity for assuming that any amount of radia- 
tion, no matter how small, is harmful. 

In spite of the lack of direct knowledge of radiation effects on him- 
self, man has recognized and become accustomed to the advantages 
that radiation offers him, both as to his health and his material well- 
being. These will not be given up lightly—probably will not be given 
up at all. 

PHILOSOPHY OF RISK 


The problem centers about a philosophy to which mankind is well 
accustomed; it may be called a “philosophy of risk.’”’ In nearly every 
phase of ordinary life man accepts knowingly if he thinks about it at 
all, risks of commission that could cost him his life. These risks are 
accepted in the belief that the possibility of gain offsets the chance of 
loss. One naturally makes every attempt to reduce the element of 
risk to a minimum, but in rare instances only can it be reduced to 
zero. To attain zero risk it is almost certain that life itself would 
have to be given up. Mankind is thus continually in a situation of 
having to effect a suitable compromise between risk and gain. The 
effectiveness with which conditions can be weighed and compromises 
made depends upon knowledge of both items—risk on the one hand, 
and gain on the other. 

For emphasis some of the risks that are commonly accepted can be 
mer:tioned: virtually any mode of transportation from boat or bicycle 
to the airplane—but without these, life today would be very different 
indeed; smoking, a luxury that all could well do without—except that 
some other relaxing habit that would be just as dangerous would be 
fouid; many forms of medication to which there are dangerous 
individual idiosyncrasies or allergies. 

In essence, radiation risk is no different from the rest of these 
except for the very important aspect of its probable mutagenic effect 
that will continue for generations. But there are accepted risks of 
other nature which may also have some small mutagenic aspect. 

With the direct knowledge of the biological effects of tadtation: it 


is still fairly clear that radiation offers direct advantages to health or 
material well-being. In the area of health, it is certain that radiation 
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techniques have contributed most importantly to greatly increased 
life expectancy. But simultaneously contributions also have been 
made by antibiotics, drugs, surgery and so on to the point where it 
is eee impossible to ascribe cause and effect to any one. In 
industry, radiation as an examining tool, is used to detect the imper- 
fections of parts, the failure of which might cost lives. In research, 
radiation has offered whole new avenues of approach to the solution 
of problems essential to growth of knowledge. The advent of nuclear 
power may have come just in time to alleviate critical power shortage 
In some countries, and create sources of power in countries that had 
no power at all. But each of these uses has its own quota of risk to 
someone. Although it is generally agreed that they should not be 
given up, there should nevertheless be a continuing struggle to push 
the risk to still lower levels. 


RADIATION DAMAGE TO MAN 


In comparison with the gains, the risks from radiation use are not 
very clear and are particularly difficult to define on a cause and effect 
basis. Except in relatively rare instances, there is almost no knowl- 
edge relating death, shortening of life expectancy or genetic abnor- 
malities in man to a specific dose or a particular radiation exposure. 
It is unfortunate, for analytical purposes, that practically any radia- 
tion effect can also be caused by other means, known or unknown. 
Most radiation effects can be detected only by statistical studies on 
relatively large population samples. 

The two main general types of radiation damage to man are somatic 
and genetic. Until about 10 years ago, the main emphasis was given 
to somatic damage—that is damage to the body cells of the individual 
exposed. The basic protection criterion had been to set the exposure 
levels sufficiently low so that no detectable damage to the individual 
would result. The possibility of genetic damage was not overlooked, 
but too little was known about it to permit of its sensible evaluation. 
Particularly in the light of present knowledge there is a very real 
question as to what constitutes “detectable damage.’ Certainly a 
skin lesion is detectable but a similar lesion within the body might 
pass undetected forever. If undetected damage exists and the indi- 
vidual dies from seemingly normal causes, who is to say whether or 
not that damage may have contributed in some obscure way to that 
death? In fact there is increasing evidence based on animal experi- 
ments that there is such a relationship. 

Up to now there has been little, if any, acceptable evidence that 
chronic exposure to radiation at the led prescribed since 1934 has 
resulted in definable or detectable damage. It would appear, but no 
more than appear, that the permissible exposure levels have always 
been nilequanely. low from the point of view of specific somatic damage. 

The possibility of genetic damage has been known for some 25 
years, but, as already mentioned, knowledge of this was very qualita- 
tive until a few years ago. Even now most of it is based on animal 
experiments—human experience is extremely limited—but the burst 
of effort in studying the genetic effects of radiation over the past 10-15 
years has substantially enhanced man’s knowledge of the subject. 
Particularly within the past few years the emphasis on genetic effects 
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has increased enormously—some fear it to be out of proportion to the 
importance of other radiation effects. 

The treatment of the genetic problem is one requiring the utmost 
in wisdom and morality. For, whatever the effects of radiation on 
genetic status may be, its principal impact will not be upon the genera- 
tion of individuals exposed. Rather will it be distributed over future 
generations up to perhaps 50 in number. Whether the effects on 
these future generations are to be good or bad—and on the average 
the prediction is bad—the control of that future lies in the hands of 
those living today. The dilemma is complicated by the fact that 
there may never be a means by which the cause and effect can be 
clearly established. Deleterious mutations due to irradiation of per- 
sons at presently accepted levels may only be a fifth of those resulting 
from all causes—the other four-fifths may be spontaneous, or of un- 
known cause. To what degree are today’s generations to be held 
responsible for known contribution to this legacy for the future? 
What is the moral obligation in this regard? The answer is clear: 
To be morally right though ignorant, man must do all in his power to 
reduce genetic damage to a minimum, commensurate with continued 
use of radiation as an immeasurable valuable servant. A workable 
balance between risk and reward must continually be sought, and is 
being sought. The recommendations of the ICRP in 1956, based on 
their earlier findings beginning in 1952, reflect this balance within the 
scope of present knowledge and technical capabilities. 

he geneticist contends that zero radiation exposure to man, apart 
from the natural background radiation, would be the ideal goal, and 
though as yet unproven he may well be right. This of course means 
the complete discontinuance of all radiation use—an unacceptable 
alternative. The problem thus confronting mankind is to determine 
or, perhaps better, to decide how much above zero to operate. The 
levels presently recommended by the ICRP reflect the best decision 
on this delicate question that can be reached today. Tomorrow it 
may be possible to make a wiser decision. 


COMPARISON OF THE NEW WITH FORMER STANDARDS 


The new levels of radiation exposure may have caused temporary 
hardship to operators in some areas, but on the whole it is not believed 
that they seriously interfere with major and worthwhile uses of radia- 
tion. They have involved some reeducation in the technological 
world, and some new education for the public. The fact that the 
permissible exposure levels could have been lowered by a factor of 
three below those of 10 years ago is a tribute to the world’s radiation 
industry. Its technological advances over that period have been one 
of the most important factors in lowering these levels. 

The latest levels recommended by the ICRP average about 5 
rems/year for occupational exposure.* From 1950-56 the average 
was about 15 rems/year; from 1934-50 the average was 60 rems/year 
(in the United States the National Committee on Radiation Protec- 
tion in 1935 recommended 30 rems/year); prior to 1934 the levels were 
of the order of 100 rems/year. Table 1 blow compares these levels. 


4 The terms used in radiation dose measurement are defined in sec. 4 of this part. 
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TaBLE 1.—Permissible occupational exposure levels 


(rems/year) 
ICRP (April 1956) ___.._..-- 305 KUL ae Lulalls cw ebaeal 226. 5 
ICRP. (1950-1956) at 0.3 rem/week__-_-.......-..----.--------+-+---- 15 
NCRP (1935-1948) at 0.1 rem/day......-...-...--.-...-.-.-------- 30 
ICRP |(1938-T0G0) we U2 remfaay.... ge ee od gece 60 
Prior to 10881222) eles es Si Si bks 2. Salley. 2g Ae 100 


At none of these levels has there ever been developed any positive 
evidence of damage to the individual. In the main, these successive 
lowerings represent improved compromises between goal-zero, and 
eee Again Capatelty has been made possible by technological 
advances. 

Of course, the objectivity of damage criteria is marred by the 
possibility of a shortened average life span which, if real, must be 
classed as damage. Recent studies of the life shortening of radiolo- 
gists are now considered by some to be inconclusive in the quantitative 
sense, but it is generally believed that there must be some such effect 
oe an The estimates vary so enormously as to cast doubt on all 
of them. 

In all of the considerations by the ICRP there has been no assump- 
tion of any kind of threshold level below which specific or general 
radiation damage does not occur; in the absence of any positive 
knowledge, this seemed the only acceptable conclusion. This is not 
to imply that there may not be some specific thresholds, though at 
the moment the possibility seems remote. Statistical data such as 
that recently obtained for leukemia incidence, while not completel 
free from objection, points to the conclusion that there is no threshold. 

Thus all indications seem to point to the fact that present and 
future solutions of the radiation protection problem will have to be 
based on a risk philosophy, will have to be compromise solutions, and 
cannot be solved on the basis of scientific evidence alone. 

At this point one may well ask why so much emphasis has been 
placed on a discussion of the background philosophy of radiation 
protection. The purpose has been to emphasize the fact that pro- 
tection against the harmful effects of radiation is not a straightfor- 
ward problem for which there is a simple black or white solution. 
A degree of protection can be had—the exact degree depends upon 
those who use radiation. Rules provide some basic guidance as to 
limits which may be regarded as acceptable today, but should never 
be considered as ideal. Continuous efforts must be applied toward 
working woh lower levels—as low as possible commensurate with the 
task. The extent to which these efforts are successful may very well 
affect the whole future use of radioactive isotopes and nuclear power. 


THE ICRP 1956 RECOMMENDATIONS 


The radiation exposure levels recommended by the ICRP in April 
1956 were not made capriciously, but were the result of studies begun 
in 1952, at which time the ICRP had arrived at essentially the same 
conclusions as those reached 4 years later. However in 1952 they 
felt that existing data were perenne and the prohiee insufficiently 
urgent to warrant hasty action. ile knowledge had not increased 
enormously since then, the urgency had increased to some extent 
because of the more widespread use of radioactive materials, and 
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because of the public concern over fall-out and the development of 
nuclear power. 

The new levels were dictated mainly for reasons of genetic damage, 
but it must now be recognized that somatic damage possibilities are 
assuming equivalent importance. As already mentioned, the direct 
evidence of genetic damage to man is almost totally lacking, and that 
of somatic damage is very scant at best. 

In terms deliberately general, the ICRP made two principal recom- 
mendations on the maximum permissible dose: (1) for the population 
as a whole, the average per capita dose should not gened 10 rems, 
from conception up to age 30 (and by inference one-third of this 
amount per decade thereafter); (2) for radiation workers, the indi- 
vidual occupational dose should not exceed 50 rems up to age 30 (and 
by inference again this same amount per decade thereafter). It is 
obvious that these need further interpretation. For that purpose the 
most recent interpretation made by the National Committee on 
Radiation Protection in the United States is discussed. Appendix 
A-3 contains the April 15, 1958, Statement of the NCRP entitled 
“Maximum Permissible Exposures to Man.” This statement was 
issued as an addendum to NBS Handbook No. 59 originally issued 
September 24, 1954, and entitled “Permissible Dose from External 
Sources of Ionizing Radiation.” 


INTERPRETATION BY THE NCRP 


Dealing only with the problem of occupational exposure, an allow- 
ance of 50 rems up to age 30 implies an average of about 5 rems per 
year, assuming 10 working years. For fairly obvious reasons it is 
impractical to integrate a person’s dose over a period as long as 10 
years. Since genetic damage was a primary consideration in setting 
the new levels, it is important to limit the gonadal dose as much as 

ssible in the years during which most children are conceived. Thus 
it would be desirable to delay the exposure as long as possible—at 
worst to distribute it nearly uniformly at the rate of 5 rems per year. 

This solution, however, is not without its difficulties because this 
Nation’s legal machinery is accustomed to dealing with the individual 
and not with averages. The difficulty in dealing with an “average 
number” is introduced because of the fact that the safety recom- 
mendations of a few years ago are now becoming legal requirements 
backed up by varying degrees of enforcement or pressures. During 
the 25 years beginning in about 1930, radiation safety the world over, 
was based on the ICRP recommendations backed up by voluntary 
compliances and good sense. It must be admitted that there have 
been times when neither compliance nor good sense prevailed, but in 
the vast majority of situations they did. The tendency now is for 
governments to call for strict codification and the development of 
radiation protection regulations wherein a situation is either black 
or white. Here is where the difficulty begins. 

If the limits are said to be an average dose of 5 rems per year, but 
not more than 50 rems in, say, 10 years it is meant to mean just that. 
However, it is known that there is little difference if a person is 
allowed to receive, say, 7 rems in one year and 3 rems in the next as 
compared with 5 rems in each year. On the other hand it would 
clearly be wrong to allow a person of age 28 to receive, say, 25 rems in 
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each of 2 successive years. It would be even more wrong to deliver 
such doses to a person, say, of age 20. 

To illustrate the difficulty, suppose the limits are said to be an 
average of 5rems per year. L ly this will be interpreted as no more 
than 5 rems per year. Saaticen must be black or white and any 
individual who has been so unfortunate as to have recorded against 
him a dose of 5.001 rems, might believe he had legal grounds for re- 
dress from his employer. This is sheer nonsense if on no other grounds 
than the fact that his significant dose cannot actually be measured with 
an error of less than + 10-20 percent. Yet it is difficult to evolve a 
law in this field where there is adequate latitude for ordinary reason- 
ableness. 

Consider the cost to plant operation if a legal limitation of 5 rems 
pes year is put upon the individual worker. Plant management would 

e foolish to plan its operations in such a way that part or all of its 
workers would be allowed to take a dose closely approaching 5 rems 

er year. Experience has demonstrated that one or two people are 

ound to exceed this, and even though it is known that a slightly higher 
exposure is without harm, the employee might seek redress. Because 
of this fear, the plant must plan its operation so that, in general, no 
employee can receive more than say 40 or 50 percent of the permis- 
sible exposure. This can be very costly and could seriously retard the 
atomic energy industry. 

Where sufficient assurance can be provided that monitoring and 
recording methods are adequate, the widest latitude in the use of 
pitindattls exposure levels should be allowed. It is not known how 
this can be worked out legally but it seems fairly certain that in opera- 
tions of any substantial size, it would pay the employer to have ade- 
quate measuring and recording systems, and then to be allowed wide 
latitude in his use of the recommended permissible levels. 

The main difficulty may occur with the small users of radiation 
sources where there is transient employment and where the cost of 
monitoring equipment may be incommensurate with the cost of the 
operation. For such users, permissible exposures integrated over 1 
week, or, at the most 3 months, would in all probability be the most 
feasible. 

This problem may be overcome by means of a simple formulation 
relating a total permissible accumulated dose to the age of the indi- 
vidual. This interpretation says that at any age of 18 or over, the 
individual may be allowed to accept a dose such that his total accumu- 
lation in rems will not be in excess of 5 times the number of years over 
18. The age of 18 is the youngest at which a person in the United 
States may be employed in radiation work. This age limit may be 
different in other countries. 

The following is the exact statement by the NCRP: 

Accumulated dose—The maximum permissible accumulated dose, in rems, at 
any age, is equal to 5 times the number of years beyond age 18, provided no annual 
increment exceeds 15 rems. Thus the accumulated MPD=5 (N—18) rems 


where N is the age and greater than 18. This applies to all critical organs except 
the skin, for which the value is double. 


The interpretation given above implies that when a person starts 
radiation work for the first time, at some age over 18, he will be able 
to accept a higher dose per year provided that (1) it does not exceed 
15 rems and (2) he does not exceed his age prorated maximum. This 
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means essentially that the individual has built up a reserve of per- 
missible exposure. But such a concept if exploited, carries certain 
obvious dangers. On the other hand, if every individual in an oper- 
ation carries some reserve, it will unquestionably make for simpler 
and more economical protection procedures. 

The principle should not be exploited to the point where persons 
are required to accept radiation exposure that may with reasonable 
care be avoidable. 

The age proration principle automatically holds down the exposure 
at the younger ages where it is most critical. It gives leeway at the 
older ages where it is less critical. 

This principle places somewhat of a premium upon the employment 
of older persons with little or no radiation exposure history, especially 
for tasks involving unavoidable exposure at levels above the average. 
However, the age prorated maximum is overridden by the yearly 
maximum which should not be exceeded. While an operator may 
never want to avail himself of the flexibility inherent in the age pro- 
ration principle, its existence offers particular advantages as well as 
insurance in special circumstances. 


APPLICATION OF THE MPD FORMULA 


Application of the principle is illustrated in figure 1, appearing on 
page 15. The area under curve A illustrates the region within which 
a person’s accumulated dose must be contained under the new re- 
quirements. The broken curves drawn in this area show hypothetical 
illustrations of how the dose principle may be applied in individual 
cases. The maximum by age 60 would be 210 rems. 

The region below curve B shows the comparable dose limits under 
the provisions that have applied in the U.S.A. from 1947 to 1957. 
Here at age 60 the maximum would have been 630 rems.* 

The region under curve C shows the limits recommended in the 
U.S.A, between 1935 and 1947. The total at age 60 could have been 
1260 rems. 

For about the same period of 1934-50 the maximum permissible 
accumulated dose as recommended by the International Commission 
on Radiological Protection could have been as high as 2520 rems by 
age 60—or more than 10 times the present new levels. 

For design or planning or operational purposes, plants may wish to 
use average weekly, monthly or quarterly levels and to do their moni- 
toring accordingly. Under the NCRP interpretation this is permitted. 
Where it is desired to keep monitoring and recording procedures to a 
minimum, it would setiealies be wise, in many cases, to operate on a 
weekly or monthly basis anyway. The choice of procedure depends 
largely upon (1) the economics of any particular situation and (2) the 
margin of uncertainty that would be introduced in the recorded accu- 
mulated dose of the individual. Where a person’s exposure in prior 
employment may be unknown or undocumented he is presumed to 
have had the maximum dose permitted up to his particular age. 

The levels discussed above need not be modified by the addition of 
one emergency exposure of 25 rems during that person’s lifetime. 


§ This does not include the possibility of doubling the weekly dose at age 45.. If this is included the ac- 
cumulated dose up to age 60 could be as high as 850 rems. 
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Also it might be noted that these exposure levels are not modified 
by any radiation exposure received for medical reasons. On the other 
hand, it would be prudent for the employer to take any especially 
large medical exposures into consideration in the assignment of an 
individual to radiation work. 

The discussion thus far has applied to irradiation of major portions 
of the body from external sources of radiation. It applies more specifi- 
cally to the critical organs, which are the blood-forming organs of the 
trunk and long bones, the gonads, or the lenses of the eyes. An excep- 
tion is the skin of the whole body when subjected to very soft radiation. 
For such conditions the dose limits may be doubled. Another excep- 
tion would be the hands and forearms, and feet and ankles, for all of 
which the levels remain unchanged at the 1950 values. 

Permissible radiation levels for internal emitters have always been 
directly related to the external irradiation values, and this relationship 
continues for occupational exposure. When the critical organ is the 

onads or the whole body the MPD conforms to the age prorated 
imits. Correspondingly the MPD in air and water is in these cases 
one-third the values heretofore specified for radiation workers. There 
is a fortunate circumstance here, in that for most radionuclides, the 
critical organs are highly localized and are other than the gonads or 
whole body. For such limited critical organs, the old concentrations 
still apply—subject of course to correction as knowledge increases. 
It is only for some 15 radionuclides that the whole body or, the gonadal 
dose must be considered. These include such radionuclides as Na”, 
Na*, H®, Cl®*, Cl’, A®’, Br®. It is thus clear that the new permissible 
dose levels do not too seriously affect the immediate previous practices 
with regard to most internal emitters. 


EFFECT ON INDUSTRY OF PRESENT STANDARDS 


Some problems have undoubtedly been introduced by the new pro- 
tection standards. For radiation from external sources the new levels 
are effectively one-third of those in use up to now. This has not and 
will not seriously affect the larger nuclear industries except in relatively 
rare instances. Repeated warnings by the ICRP, and related national 
bodies, have indicated that future levels might have to be still lower. 
In any case the nuclear industry, by and large, has pioneered the 
development of conservative radiation practices, with the result that 
they have operated with a fairly large margin of safety. It has paid 
off. While that margin of safety will be narrowed, some margin will 
still remain. Also, with the flexibility inherent in the age proration 
principle, means will readily be found to comply with the new recom- 
mendations. 

In the case of lighter industry, research, and medicine, the problems 
may in many instances, be more serious. In some situations, economic 
or structural considerations have led to practices which may have 
been more nearly marginal with respect to the old standards. In 
many instances alse. it has been necessary to operate in close proximity 


to persons who are not classed as radiation workers. Under the old 
ICRP standards it was not permitted to expose nonradiation workers 
to levels greater than one-tenth of the occupational levels. 

It has not been finally decided whether the non-occupational levels 
will be one-tenth of the new levels or remain at one-tenth of the old 
levels, but if the average nonoccupational dose for somatic as well as 
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genetic reasons is to be held down adequately it may be necessary to 
work to one-tenth of the new standards. Since this is only 3 to 5 
times the natural backgreund radiation at sea level, it is obvious that 
serious protection problems have to be faced. 

Consider, for example, the use of radioisotopes in medicine and 
industry where they are employed in telecurie therapy or radiographic 
examinations. Weight and mobility considerations alone dictate the 
lightest possible shielding container. Secondary protection afforded 
by walls and floors, if presently marginal, will have to be increased in 
thickness by about two half-value layers. This cannot only be costly 
in existing installations but in some instances may be completely 
ruled out because of floor-loading considerations. 

There are two other problems. One relates to the medical use of 
X-rays; since many such installations are in more or less conventional 
buildings it will be difficult to increase the shielding. Another problem 
involves high energy accelerators where two half-value layers of 
protective concrete might be as much as 30 cm. 

In the isotope production and separation industry new shielding 
problems may arise in the secondary establishments. In the reactor 
installations there are probably already adequate margins of safety 
but this is less likely in areas where the materials are handled and 
fabricated into devices for the public. 

As already mentioned, the new shielding problems in heavy nuclear 
industry are slight. The standards for concentration of radioactive 
materials in air and water are not changed for most elements. Prob- 
lems of protection of the public have not increased greatly, mainly 
because most large installations are fairly well isolated. 

To sum up the situation, it appears that because of the wise prac- 
tices developed over the past 15 years, the nuclear industry was well 
prepared for what might otherwise have been a severe dislocation. 


OCCUPATIONAL RADIATION COMPARED TO OTHER RADIATION 


To give some concept of the nature of the overall protection problem 
it may help to show the relative contributions to man’s radiation 
exposure from all major sources. Table 2 which immediately follows 
shows the more important contributions to man’s radiation exposure 
up to age 30. Most of the numbers are estimates which are Fyne 
on the high rather than the low side, and are based on conditions in 
the United States. The doses are expressed in man-rems per million 
of population. This is to emphasize that exposure of the population 
as a whole is the more critical figure. 


TABLE 2.—Radiation dose received up to age 30 
[MPD =14,000,000 man-rems per million persons] 


Dose 
(man-rems) 
Natdral sidiatiow.00201.420. J.D. UA I rd 4, 000, 000 
Medical trradiations: oi se: caisdoucasua Jeosn- oe oj ad eg aewes 5, , 
(aD ORIIRG CRENNE 0 one onside dulin~sernhkalacieuw ate takin 150, 000 
Radiation in plant environs: 

‘AY Favor NeW Wee EY BS 2 EU SS ee) eee ees 8 (150, 000) 
AD34e OF CIGIM PDS 11) 2vll 20 Goi eostulcl Ge SAU ; 
Fetloutsccs ssapbese't sages cced base oss)3—buwds Joep ieee ses 200, 000 

TOG: 5. ev uiwedtkaecawinbandeiineds sao 9, 800, 000 
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The ICRP recommends that the average per capita dose for the 
whole population should not exceed 10 rems up to age 30. This is in 
addition to the natural background of about 4 rems over the same 
period. Thus the total permissible does would amount to 14,000,000 
man-rems per million persons. 

The dose from natural radiation acts over the full 30 years on the 
whole population and will contribute 4,000,000 man-rems. 

Medical irradiation is averaged over the whole population for 30 
years, and in the U.S.A. might possibly be as high as 5,000,000. man- 
rems. Occupational exposure at an average of 5 rems/year acts on 
one-fourth of a percent of the population over a period of 12 years, 
up to age 30, and contributes 150,000 man-rems. 

Irradiation of nonradiation workers in the environs of radiation 
sources, might conceivably act on 1 percent of the population for an 
average of 30 years, though this seems highly unlikely in the for- 
seeable future. At a level of one-tenth of the new occupational 
levels this would contribute 150,000 man-rems. At one-tenth of the 
old levels the contribution would be 3 times as large, or 450,000 
man-rems. 

Fallout radiation would act on everyone for 30 years, and, at 
double the current rate, would contribute 200,000 man-rems. 

It is important not to be complacent about the seemingly low con- 
tribution to man’s total dose from occupational exposure. For the 
individual, it still amounts to 50 rems each 10 years, and this is over 
5 times higher than the average per capita dose for the whole popula- 
tion. It is however, to be accepted like any other nonpedhenalaiak 
in industry. 

The total from all sources is 9,800,000 man-rems, leaving a balance 
of roughly 4,000,000 man-rems. Some of this balance will be con- 
sumed by the use of radioactive household devices, nuclear power, 
etc. However, it should not be used up simply because it appears 
to be there. It is still necessary to operate on the principle that no 
radiation taken by man unnecessarily is good for him. Rather than 
try to use up our radiation reserve, an endeavor should be made, by 
all means possible, to increase it. 


Section 3. Scopr or Current Research Brrorts BEARING ON 
Present Exposure STANDARDS 


INTRODUCTION 


The Federal Government’s research programs on radiation effects 
are oriented toward the objectives of keeping pace with the expanding 
civilian uses of atomic energy. In its own operations, the Commission 
must be prepared through the results of research to cope with exposure 
of personnel to penetrating rays from a reactor, a particle accelerator, 
or radiation emitted from large quantities of radioactive materials. 
It must likewise be able to meet emergencies arising from the acci- 
dental ingestion or inhalation of hazardous or potentially hazardous 
materials. There must therefore be a continual increase in the collec- 
tion and dissemination of information on the effects on the body and 
specific organ systems of short-term and long-term radiation exposures. 











RADIATION HAZARDS AND WORKMEN’S COMPENSATION 19 


PRINCIPAL AREAS OF RESEARCH 


The Commission’s research program and the related programs of 
other Federal Agencies in radiation protection and the study of 
radiation effects on man encompass many scientific disciplines. 
These include not only biology, medicine, biophysics, biochemistry, 
but also meteorology, geology, hydrology, and the agricultural sciences, 
as well as others. These programs are carried out in Government 
laboratories and under contracts with universities, hospitals, nonprofit 
organizations, and industrial organizations. Important categories of 
research programs are the following: 

(a) Radiation effects on the body (whole body and parts of the 
body) including such effect as cancer, life shortening, sterility, 
radiation sickness, and the damaging effects on the molecular 
level resulting from exposure of the higher organ systems; 

(6) Kinds and levels of injuries resulting from various types 
and quantities of radiation to provide data pertinent to the con- 
sideration of modifications in permissible exposure and con- 
centration standards; 

(c) Protecting the environment against radiation including 
studies of waste disposal methods, of shielding and of the kinds, 
volume and effects of fallout; 

(d) Ecological studies of plant and animal life in the environs 
of atomic energy plants in order to contribute to man’s knowledge 
of the patterns of animal and plant life under the impact of 
increasing levels of radiation in the biospher. 

(e) Effects of ocean currents and related ocean phenomena on 
radioactive waste disposal at sea, including studies of marine 
biology, and industrial fisheries products; 

(f) Genetics and radiation; 

(g) Chemical and radiation toxicology of certain atomic energy 
products and compounds. 


(h) Improved techniques and methods for detecting and meas- 
uring radiation. 


LISTING OF PROJECTS UNDERWAY OR PROJECTED ° 


The scope of the Commission’s research effort bearing upon present 
exposure standards and directly, or indirectly, related fields of interest 
can probably best be described by listing the program categories in 
which research projects are now underway or projected. This is done 
in Table 3 which also indicates the number of projects (470 in total) 
in each category. These projects are or will be carried out under 
contracts with other Government Agencies, colleges and universities, 


hospitals, private research institutions, industrial organizations and 
others. 


* The research projects discussed here refer to the Off-Site Research Contracts administered by AEC’s 
Division of Biology and Medicine. 
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TABLE 3.—Current research projects bearing on present standards 


Number 

of projects 

; underway 
Program categories: or projected 
Irradiation effects, molecular_____._._..________- Ort... BIVGLE si 121 
Irradiation effects, organ systems___-_-- + Iihome, Tonsley caesar “Scns 61 
Skeletal system ie Domilitis) Bh Sein sakels ELE’. 12 
Blood and blood forming organs_-__...._-..--..i--.-.----L_- 18 
Eyes... =~. seni ~ ~as cae bins bin AS ~ bie MESOLMA sis beet o Res Bs 5 
Nervous system wo <n neta ole coin eee ak, 6 
Other organ eyeremse';. oS eee ee ~~) 2 9 
Endocrene system__________- 2 Bb2. S202 502 AVI Baas 1) 11 
Irradiation effects, whole bodiis a < H~ y- <pih abacus ~ Seki edkene-mmsee ue 26 
Tmamtnnicy 2 ga. ae eee eee eis = ee a rene a gn 13 
Porférinanes. . 240621092) SSL Vie ee SO DG See Ah 4 
Life shortening: 24.020. bs so; sa beoek eee Cc Bo ieee bey 5 
Bmhroveloginal Q0 6008 6100055 dia <acke street Ainetitndawas 3 
SRR on a chicas ets ee © oe ole iek te ee a l 
Combatting irradiation injury___. 22.0222. 20. Le ele 3 
Ba virbninental: radiahion i «ui - cimwa aus jd ocaneaii pai lowes au 19 
ASOT ie SOUCOTIRE. sto ta ba< nn bern ben aaa Ade f 
PACRSDTOREy . foe st oe See See oY See ee ye 6 
Pacticle enllection!) i 0c2 04 At Ab eh Ye ea oS. 6 
TI os smrssacoptyl ie cainalanenidhdicnanl cilia male al leah ct inin 5 
TOUTE IME ROU 2 eo a hn Re Ba ce er a a 2 
Agricultural research ne Sets ee ee Se eo eae pany? 3 4] 
Animal physiology «255.6 sa -<s¢e0ied bitten Sai lucs- cals 8 


Re) GENIE dives india = theta Aen h aie SAS). 6 
Crop improvement 


9 
PUY SPRUE | oSe cece ote Cade ee cee e ee oat tee ae hn 25 
BORG sisidocded > p)~.penbiest dagt-aepenaelie st didied pod dai 26 
a ann sce aos best nee a EEE Ss ls ae eee ee we eats 4 
Sn UPN. SPs, IN os as ins vins HE Wek n erection ae maw 
Plante ane Gitta: 206 20 A eT. A DY - 16 
ianplerie snombtering,. «5 665s ~ 5 ve0ks 6a uss egerre e+ chs 2 
I TI hhc cx hte Intellect alae taloaet betaine nn 16 
eemmonremy 3. 21). SE ese ae ecco ae tone me etees 6 
Marine biology.3 20 Lobel. POLL FG AL ag BIV2ee1 10 
I a ll Sie aa ll Mn ee aD cidade a 46 
Spe Po ee Se eo Le ae 1 
Piwtetien Tatas. 645i SSO SE ER ALU SAAT I 11 
EO in nde od uninan adhesin actin tndiabele eet 6 
I aco a jes > Qe ilies Acta nis sae Alta a Le le aia ata lela 28 
DOME bo iis ois eb He SURE HLT ee aban ete anak 17 
GOD HN itic rein in iitinlen cits dele dee cesiihdnes ceh BREE URS 33 
aac ua ivanell oink cali teers on ce elias psc cts cae 8 
NS wt anne nas os eeutine odio Maem nny se uane 11 
CRON 2s 6 old Soh Lie cee ae tU ELE NG AAR 8 
SPR isi ocick ac chee nies ae eas heb dws cua 6 
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TABLE 3.—Current research projects bearing on present standards—Continued 








Number 
of projects 
underway 

Program categories—Continued orpoojected 
Radiation Detection and Measurement_.._.....--...-.....------- 19 
FRMGRRUIOR NIUE. 1 teh ade eee cates en k= dee een abe 3 
Detedtara. i. east ce Coos aa Cae Se ee eee 6 
Instrumentation elements and systems___._........-..-..-..- 2 
Photoelectronies..355 - vinx -elasss eck -casg-alebuniaisce ducts 8 
Education, training, and information__.._.........-.....--.--- 2. 12 
Multiple-purpose projects.......... 2.2.2.2 2-2 eee ck 13 


Section 4. Ortcin AND Nature oF INDUSTRIAL HAZARDS AND 
RADIATION INJURY 


INTRODUCTION 


The kinds of radiation of interest in this report are those which 
have sufficient energy in a single unit to ionize atoms with which 
they interact. These are frequently designated ‘‘ionizing radiations”’ 
to distinguish them from other radiations such as visible, ultraviolet 
and infrared light, radio waves, etc. 

Ionizing radiations may be released from the nucleii of the atoms 
as the result of either fission or radioactive disintegration, or they 
may be produced by use of high voltage accelerators such as x-ray 
machines, cyclotrons, bevatrons, ete. In each case a fundamental 
characteristic of the radiation is that it consists of individual units or 
packets of energy, each carried by either a fast moving particle or by 
an electromagnetic quantum. 

A particle emitted by an atom carries energy produced by changes 
within the atom in much the same way that a bullet fired from a gun 
carries energy generated within the cartridge. The quantity of 
energy given to a sub-atomic particle or the bullet, together with its 
mass, determines the velocity with which it is emitted. 

The emitted particles of most common interest in connection with 
protection against radiation are designated alpha particles, beta 
particles, and neutrons. 


ALPHA AND BETA PARTICLES 


By virtue of their electric charges, alpha and beta particles moving 
through any kind of matter exert electrical forces which result in the 
ionization of a small fraction of the atoms or molecules along their 
paths. In this manner, the kinetic energy originally possessed by the 
particles is transferred to the material. The maximum depth to 
which a charged particle can penetrate a material depends upon its 
initial energy and upon the rate of loss of energy by ionization along 
its path. 

The probability of a moving electric charge removing a nearby 
electron from atom or molecule with which it is associated depends 
upon the velocity with which the charge is moving. Both alpha and 
beta particles reach optimum velocities for ionization near the ends 
of their paths. However, because of their much greater masses, alpha 
particles have much lower velocities than beta particles of the same 
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energy. Asa result, on the average alpha particles produce hundreds 
of times as many ions along their paths as do beta particles. Because 
of this rapid loss of energy, alpha particles can penetrate matter only 
to small depths, depending upon the density of the material. For 
example, the ranges of ike particles in air are of the order to two 
or three inches, while in material of the density of human tissue, they 
are of the order of a couple of thousandths of an inch. 

Depending upon their energies, individual beta particles emitted by 
radioactive materials may penetrate body tissues to depths ranging 
from very small values to more than an inch. However, the distribu- 
tion of energies in beta particles emitted by any radioactive material 
is such that most of the particles lose their energy comparatively near 
the incident surface. 

NEUTRONS 


Neutrons carry no electrical charges and hence a neutron may travel 
comparatively long distances through matter before interaction. A 
long distance, as used here, may be several thousandths of an inch or 
many feet. ‘The distance is long compared to that which a charged 
particle moves between ionizing events. Eventually, however, the 
neutron collides with the nucleus of an atom of the material with the 
result that it transfers to the atom sufficient energy to project it 
through the material as an ionizing particle. By a succession of such 
collisions, the velocity of the neutron is reduced to a range in which 
it can be captured by one of the atoms with which it collides. The 
usual result of such a capture is the emission, with relatively high 
energy, of a charged particle or of a quantum of gamma radiation. 


THE GAMMA QUANTUM 


The gamma quantum differs from the particles discussed above in 
that it always moves in empty space with the speed of light and has 
no separate existence except when it is transferring energy from one 
atom to another. Like the neutron, it carries no electric charge and 
hence may travel comparatively long distances through matter before 
collision. Eventually it collides with an electron, transferring suffi- 
cient energy fe ect the electron as an ionizing particle. Such an 
electron is, in all respects, identical with a beta particle. 


INJURIOUS EFFECTS OF IONIZING RADIATION 


Because of the fundamental difference in the mechanisms by which 
charged and uncharged particles produce ionization, alpha and beta 
particles of particular energies have definite maximum ranges in any 
particular material, while neutrons and gamma quanta do not. It is 
impos to interpose in a beam, of neutron or gamma radiation a 
wall of material sufficiently thick that none of the radiation will 


emerge from the opposite side. If a layer of the material is suffi- 
ciently thick that just half of the incident neutrons or quanta will 
pass through it without collision, half of the emerging beam would 
pass through another layer of the same thickness without collision, 
ete. Since those neutrons or quanta which have undergone one or 
more collisions have greater probability of collision than before, it is 
possible by making the wall sufficiently thick to reduce the number 
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passing through it to as small a value as may be desired. Thicknesses 
of shields required for radiation safely depend upon intensities of in- 
cident radiation (i. e., numbers of neutrons or quanta incident upon 
the shield), particle or quantum energies, materials of construction, 
and the intensity of emergent radiation which can be tolerated. In 
nuclear reactors and chemical processing plants, thicknesses of ma- 
terial equivalent to many feet of concrete may be required to reduce 
radiation to levels acceptable for more or less continuous exposure of 
personnel. 

The average rates at which beams of neutrons or gamma quanta 
lose energy in passing through materials depends upon the energies of 
the individual neutrons or quanta. If the individual energies are low, 
such a beam incident upon the human body will lose most of its energy 
near the surface, while the loss from a beam in which individual 
energies are high will be more uniformly distributed through the body. 
Since the injurious effects of ionizing radiations increase with increases 
in absorption of energy, radiation injuries from low energy neutron or 
gamma radiation originating outside the body are largely confined to 
surface tissue while high energy gamma rays may injure tissues 
throughout the body. 

For similar reasons, injuries from beta radiations originating outside 
the body are largely confined to the skin and tissues near the surface, 
while most of the energy of alpha particles is absorbed by the insensi- 
tive outer layers of the skin with no biological effects. 


RADIOACTIVITY AND RADIOACTIVE MATERIALS 


Many kinds of atoms appear to be absolutely stable; other kinds 
appear to possess inherent degrees of instability such that any one 
atom of a kind has a definite probability of undergoing a spontaneous 
change in its nuclear composition in a given period of time. Such a 
change is generally accomplished by the emission of an alpha particle or 
a beta particle from the nucleus, and is frequently accompanied by 
the emission of one or more gamma quanta. Atoms possessing this 
property of spontaneous nuclear change are said to be radioactive, and 
the change which the atom undergoes is called radioactive distinte- 
gration or transmutation. Decreases in radioactivity of a given mate- 
rial resulting from radioactive disintegration of its atoms is frequently 
called radioactive decay. 

As a result of radioactivity involving the emission of a particle 
carrying an electric charge, the chemical properties of the atom are 
changed. For example, an atom of radioactive carbon (carbon 14, 
frequently written C") in disintegrating emits a beta particle to be- 
come a stable atom of nitrogen (N™, not radioactive). 

Radioactive distintegration also changes the physical properties of 
the atom. In the case of disintegration of radio-carbon mentioned 
above, the nucleus becomes stable. In other cases, the resultant atom 
may be unstable (radioactive), but the degree of instability is changed. 
For example, an atom of radium 226 in disintegration emits an alpha 
particle to become an atom of radon 222. Radon 222 is much more 
unstable than radium 226. 

A common measure of the degree of instability is the length of time 
required for any large number of atoms to decay to one-half that 
number. This time is called the radioactive half-life of the kind of 
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atom. Returning to the above example, the radioactive half-life of 
radon 222 is 3.8 days, while that of radium 226 is 1600 years. Radio- 
active half-lives of interest in the field of nuclear energy vary from 
fractions of a second to millions of years. 


QUANTITIES OF RADIOACTIVE MATERIAL 


Since our primary interest in most radioactive materials stems en- 
tirely from their radioactive properties, it is natural to describe 
quantities of such materials in terms of their activity rather than in 
terms of mass or volume. By custom, radioactivity has come to be 
measured in units equal to the rate of disintegration of one gram of 
radium, 37,000,000,000 atoms per second. This unit of radioactivity is 
called the curie. Quantities of radioactivity of frequent interest 
range from millions of curies (megacuries) occurring in nuclear reactors 
down to small fractions of one millionth of a curie (one microcurie) 
used in research. 

The mass of a particular kind of radioactive material corresponding 
to one curie of radioactivity may be very large or very small, depend- 


ing upon the degree of instability of the material. The following 
table is illustrative. 


Illustration of relationships between activity, half-life and mass 


Kind of atom Half-life Grams per Curies per 
curie gram 
IAT. Kencepniialeameunnmiceniiaices SO SR... sccnncimcaiiiniaindl 1 1 
URRRENINE B06 tic L ete dol Secidetbcciilan 4,500,000,000 years............. 3, 000, 000 0. 000, 000. 3 
Cosham 125... isasitocpieins ce csidelssbas des BOBO) FORE ss «cidenesctdveerana 7.6 0.13 
EE Eccinntcndecksadesncghatnansanaed iccconsetivaplittiess-eiiatighaicnnucieedal 0. 000, 008 120, 000 
Sodiere 6: sii. ssl. 34:3 NeGtS. J 5 iad 0. 000, 000. 6 1, 600, 000 


RADIOACTIVE DECAY AND RADIOACTIVE EQUILIBRIUM 


We are frequently interested in the time required for an initial 
quantity of radioactive material to decay to some particular fraction 
of that quantity. Reduction in activity is illustrated by the following 
table. 

Elapsed time (half-lives) --_.-- os 2 3 3.33 4 6.7 10 
Fraction of activity remaining-. 1 1/2 1/4 1/8 1/10 1/16 1/100 1/1,000 


KINDS OF ATOMS, CHEMICAL ELEMENTS, AND ISOTOPES 


Any two atoms with equal numbers of protons are atoms of the 
same chemical element. However, if the two atoms have different 
numbers of neutrons, they are said to be atoms of different rsotopes 
of the chemical element. Examples are strontium 89 and strontium 
90 discussed above. The nucleus of strontium 89 contains 38 protons 
and 51 neutrons, while that of strontium 90 contains 38 protons and 
52 neutrons. 

If the atoms of a particular isotope are radioactive, the isotope is 
frequently referred to as a radioisotope; otherwise it is a stable isotope. 
A radioisotope of an element is frequently referred to by use of a term 
such as radiostrontium. This term may refer indiscriminantly to 
any one or several of the radioisotopes of strontium. 
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RADIATION DOSE AND UNITS OF MEASUREMENT 


For purposes of relating levels of radiation exposure to degrees of 
injury and of specifying safe levels of exposure, it is necessary to devise 
or define units of measurement which may be used to relate absorption 
of radiation by biological tissues to the biological effects of such 
absorption. Four different units commonly appear in recent liter- 
ature. These are the roentgen, the rad, the rep, and the rem. 

The roentgen measures the radiation dose of x-rays and gamma 
radiation at any point in terms of the energy absorbed per unit mass 
of air at that point. (This definition contains a technical inaccuracy, 
introduced for simplification of concept.) Quantitatively, one roent- 
gen corresponds to the absorption of about 84 ergs of energy per 
gram of air. The corresponding absorption of energy by a gram of 
tissue placed at the same point may vary by a factor of from 1/2 to 2, 
depending upon quantum energies and upon the chemical composition 
of the tissue. For muscle, one roentgen corresponds to about 93 
ergs per gram, while for bone the absorption is generally much higher. 

The rad measures the radiation dose in terms of the energy ab- 
sorbed per unit mass in the material of interest. In radiation protec- 
tion, the material of interest is usually human tissue. One rad is 
defined as 100 ergs pergram. As an example of the difference between 
the roentgen and the rad, for a particular quantum energy, a dose of 
one roentgen to muscle might be 0.93 rads and to bone, 1.4 rads. 
In interpreting standards of radiation protection, it is generally 
permissible to assume that a tissue dose of one rad is eeiuivalen’ toa 
tissue dose of one roentgen. 

The rep is defined as a radiation dose of 93 ergs per gram of tissue. 
Officially it is susperseded by the rad, and is mentioned here only 
because of its wide occurrence in literature older than 1954. 

The roentgen, the rad, and the rep are all measures of physical dose 
(energy absorbed per unit mass). The rem represents an effort to 
express the biological effect of a radiation. The name originates as 
an abbreviation of “roentgen equivalent man.” By definition, one 
rem of any radiation is the dose of that radiation required to produce 
the same effect in man as one roentgen of gamma radiation of the 
specified quantum energy. (Various investigators have used different 
effective quantum energies for this purpose. A frequently used value 
is 0.25 Mev (million Betti volts).) As an example, on the basis 
of available information it is believed that the number of roentgens 
required to produce radiation cataracts of a given severity in the eye 
is about ten times the number of rads of neutron dosage. On this 
basis, for the production of cataracts, 0.1 rad of neutrons is 1 rem. 

It should be observed that, since the units of radiation dose defined 
above are related, directly or indirectly, to the energy absorbed per 
gram of tissue without reference to the total quantity of tissue involved, 
a complete description of the radiation does to an individual requires 
a statement of the distribution of dose Phonan the body. By 
definition, if the individual receives a uniform. dose of 400 roentgens 
throughout the body, the dose to each portion of the body, no matter 
how small or how Nee e, is also 400 roentgen. However, the total 
effect would be very Eifferent if he received a dose of 400 roentgens 
to only a limited portion of his body, such as a finger or a small area 
of skin. The first case might be fatal; the second of no consequence. 
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In expressing dose received, one commonly specifies whole body ez- 
posure to penetrating radiation, whole body erposure to low energy 
radiation, or otherwise indicates the portion of the body to which a 
particular number applies. Portions of the body of common interest, 
in distinction to the whole body, are the hands and forearms, feet and 
ankles, head and neck, limited portions of skin or tissue in contact 
with a highly radioactive particle, or any particular organ such as the 
eye, gonads, thyroid, skeleton, etc. (Particle is used here in a sense 
very different from that of its use in the terms, alpha particle or beta 
particle. Here we refer to a small speck or grain of material(s) 
containing a large number of radioactive atoms.) 


PART II 


STANDARDS, ADMINISTRATIVE REQUIREMENTS AND 
PROTECTIVE MEASURES—AEC CONTRACTOR ACTIVITIES 


INTRODUCTION 


Because of the variation in the nature of the hazards encountered 
from one installation to another, the Commission has established 
broad standards together with the necessary accompanying procedures 
and reporting requirements. Responsibility for the interpretation and 
administration of the standards and administrative requirements is 
assigned to Headquarters Division Directors. Managers of Operations 
are assigned similar responsibility as well as the responsibility for 
nsuring compliance. Technical interpretation of the standards is 
provided by the Commission’s Division of Biology and Medicine. 

The standards embody the recommendations of the National Com- 
mittee on Radiation Protection and Measurement as published in 
handbooks by the National Bureau of Standards. The quantitative 
limits set in these recommendations are modified where necessary to 
make them applicable to conditions which arise out of activity over 
which the Commission is responsible. The National Committee’s 
standards, when viewed quantitatively, are maximums. Contractors 
are free to set more conservative—i. e., more restrictive limits— 
subject to AEC approval, depending on local operating conditions. 

he discussion of protective measures and instrumentation and 
monitoring included in this part is not intended as a comprehensive or 
detailed analysis of all methods and techniques used by contractors 
in their radiation protection programs. nly basic concepts are 
covered, A section of Part III, ‘Industrial Experience—AEC Con- 
tractors,” is largely devoted to a discussion of methods and techniques 
employed by contractors in their radiation protection programs. 

“ae 


Section 1. STANDARDS AND PROCEDURES 


The Commission document containing the NCRP standards as 
revised on January 8, 1957, and discussed in Part I, Section 1, is AEC 
Manual Chapter 0524, ‘Permissible Levels of Radiation Exposure.” 
Effective February 1, 1958, this Chapter establishes the rules govern- 
ing AEC and AEC contractor personnel with respect to permissible 
levels of radiation exposure (exclusive of those engaged in weapons 
tests). The provisions apply also to others who may be exposed to 
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radiation from AEC operations. Manual chapter 0524 is included as 
appendix B-1. 

The successful operation of the permissible level concept of radia- 
tion control necessarily entails a comprehensive system under which 
exposure must be recorded and employees notified of their exposure 
history. 

Commission policy governing this is set forth in Chapter 0525, 
“Occupational Radiation Exposure Information for AEC and AEC 
Contractor Employees,” (appendix B-2) published in May 1958. 
The provisions of this chapter embrace all AEC and AEC contractor 
employees plus contractor employees who may also be engaged in 
work performed under an AEC license. This distinction is made be- 
cause AEC Manual issuances are not otherwise applicable to AEC 
licensees. In summary, the chapter provides for informing employees 
of their radiation history: (@) whenever they request it, allowing 
reasonable time for preparation of the information; and (6) within 30 
days after the close of the calendar year if the permissible yearly ex- 
posure of whole body external radiation has been exceeded. 

Immediate notification is required if an employee has received a 
recorded accumulated exposure exceeding any of the following limits 
specified in AEC Manual Chapter 0524: (a) in any calendar year or 
calendar year quarter, the yearly or quarterly permissible dose for 
external penetrating radiation to the whole body; (6) a quantity of 
any radioisotope (whose effective half-life is 180 days or greater) in 
the total body; or (c) a quantity of any radioisotope in the body re- 
sulting in a calculated dose in rads to any organ exceeding the yearly 
permissible dose for that organ. 


Section 2. Protective MEASURES—INSTRUMENTATION AND 
MOonrITorRING 


The methods used to protect personnel from harmful effects of 
radiation differ depending on the nature of the hazard. The unique 
penetrating characteristics of external radiation militate against the 
use of protective clothing or any of the devices normally utilized for 
protection against internal radiation. Therefore, a combination of 
three concepts—time, distance, and shielding—represents the con- 
ventional methods employed. Thus, protection against penetrating 
external radiation is afforded by: (1) Controlling the duration of 
exposure; (2) Controlling the distance between the man and the source 
of the radiation; and (3) Placing an absorbing material or shield 
between the man and the source of radiation. The application of 
these concepts in operating situations will be covered in part III. 

The problem of protection against internal radiation hazards is con- 
siderably more difficult than that encountered with external radiation. 
Instruments are available to measure the amount of external exposure 
received or present at any given time. Internal exposure, however, 
involves the deposition of radioactive particles into the body. The 
effect of this deposition varies with the nature of the material. Also, 
an individual’s particular physiological makeup will, in a sense, affect 
the degree to which a particular substance inflicts damage. 

Because internal radiation exposure results from the introduction of 
radioactive substances into the body, the protective measures used 
seek to prevent this from happening. Since these measures will be 
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illustrated in part III as they are utilized operationally by contractors, 
they will be treated only generally here. 

Radioactive airborne particles constitute one of the greatest hazards. 
Most techniques, designed to insure against this hazard, attempt to 
confine and contain the materials so as to prevent their becoming 
airborne. Thus, materials are handled in closed systems; vacuum 
cleaners, connected to a permanent system, are used to pick up dust; 
ventilating systems provide air flow in the proper direction; etc. 
Where employees are unavoidably exposed to airborne concentrations 
such respiratory protection as the following can be used: the simple 
filter-type respirator; the filter-type gas mask; a self-contained type 
of gas mask equipment; or a completely enclosed plastic suit with an 
independent air supply. 

Non-airborne materials may be protected against, in some cases, by 
simple hygienic habits, such as washing the hands before eating. 
Other situations may call for measures such as showering before leav- 
ing the area, and wearing protective clothing while at work in a 
contaminated area. 

The effectiveness of protective and control practices can be measured 
by certain monitoring techniques using a variety of instruments de- 
signed for specific purposes. Each person working near radiation 
sources, or who may reasonably expect to be near a source of radiation, 
normally wears a film badge or dosimeter. These measure the 
amount of beta or gamma radiation present in the immediate environ- 
ment. Film badges are developed and the amount of exposure de- 
termined by comparing the film against film which has been previously 
exposed to known quantities of radiation. The film badge gives a 
permanent record of exposure. However, it is not capable of instant 
reading as is a dosimeter. 

More precise instruments are used by health physicists in the 
monitoring of areas and personnel such as the Geiger-Miiller Counter— 
the most widely known of these instruments. The GM (Geiger) and 
the scintillation counter are effective for measuring low level rates of 
radiation; the ionization chamber for measuring higher levels of beta 
and gamma radiation. 

The instruments and techniques for measuring the amount of 
internal exposure are not as satisfactory as for external radiation. 
Whole body counters will measure the total body content of energetic 
gamma emitting compounds at levels considerably lower than per- 
missible, but will not measure the body content of beta and alpha 
emitting material. This content must be inferred by measurements 
of excreted body wastes—the so-called bio-assay techniques. These 
include such tests as anlysis of expired air samples, urinalysis, and 
blood and bone-marrow analysis. 


Section 3. Reports 


In order to evaluate the effectiveness of the Commission’s overall 
Radiation Protection Program, information on personnel exposures are 
submitted to Headquarters on a systematic basis. The procedures 
governing this reporting system are contained in Manual Chapter 
0523—‘‘Radiation Exposure Reports’”—which appears as appendix 
B-3. The requirements of the chapter extend to all activities under 
the Commission’s direct jurisdiction. ‘They do not apply to licensee 
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facilities. Reports submitted are of two kinds—Annual and Special 
Reports. The Annual Report summarizes statistically external and 
internal exposure of AEC and contractor personnel broken down by 
number of personnel in exposure range increments running from 0—1 
rem to the final range of greater than 15 rem. Additional information 
is also submitted such as: number of personnel for whom monitorin 

is not required, and methods used to estimate rem dose if conventiona 
methods are not used. 

Special Reports are required immediately, by telephone or teletype, 
if one of the following occurs: (1) an individual receives an. external 
radiation dose greater than 15 rem; (2) an internal body deposition is 
received which is greater than the permissible concentrations as 
specified in chapter 0524; (3) a member of the general population is 
believed to have received a radiation dose in excess of that specified 
as the permissible dose in chapter 0524. 

AEC Manual Chapter 0502, “Injury, Fire and Property Damage— 
Records, Reports, and Investigations’ (appendix B-4), published in 
1955 and revised in October 1958, also requires the reporting of an 
‘injury or industrial illness following cumulative or massive i 
to internal or external ionizing radiation which might reasonably be 
expected to have caused the illness or injury and when so diagnosed 
by a physician competent in nuclear medicine.” 

The reporting of injury or illness is handled like the Special Reports 
discussed above in that immediate notification is required, followed 
by an investigation and subsequent report. 





Each contractor—or each Operations Office Manager in the case of 
direct Federal activities—is charged by the Commission with the 
responsibility for taking all necessary and reasonable measures to 
protect employees and the public against the hazards of radiation. 
Through a continuing program of hazards evaluations, periodic and 
special reporting, on-the-spot investigation of incidents, safety engi- 
neering, routine and non-routine inspections, etc., the Commission 
keeps constant surveillance over the health-physics, safety and related 
programs carried on at all facilities under its direct jurisdiction. 





PART III 
INDUSTRIAL EXPERIENCE—AEC CONTRACTORS ’ 
INTRODUCTION 


The development of the radiation standards was discussed in part I. 
Part II was devoted to an explanation of how the AEC has adopted 
these standards for its own and its contractor operations. Part III 
serves to illustrate the methods by which AEC contractors control 
radiation exposure and deal with radiation hazards. 

~7 For a discussion of ind outside the AEC area of control see “Radiation Protection in 


ustry experience 
the Industrial Use of Radiation” by W. A. McAdams of the General Electric Co. This ry was presented 
at the Second United Nations International Conference on the Peaceful Uses of Atom nergy. 
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Section 1 is a summary of methods and principles employed by 
contractors to enable them to operate within maximum permissible 
limits of radiation exposure. Also included in this section is a pres- 
entation of the nature and extent of restrictions placed on employees 
who have been exposed to more radiation than permitted under appli- 
cable working limits. 

Sections 2, 3, and 4 are devoted to a closer look at radiation protec- 
tion programs in major areas of Commission activity. 

Section 2 was prepared by the General Electric Co., the Commis- 
sion’s contractor for operating the production facilities at Hanford. 

Section 3 was submitted by Brookhaven National Laboratory, 
operated by Associated Universities Incorporated under an AEC con- 
tract administered by the New York Operations Office. 

Section 4 was prepared by the Phillips Petroleum Co., Atomic 
Energy Division, the prime contractor for research and development 
activities carried on by the Idaho Operations Office of the Commission. 


Section 1. ConTROLLING RADIATION Exposure 
INTRODUCTION 


The control of radiation exposure to personnel has necessarily been 
an integral part of contractor activity since the beginning of the atomic 
energy program. With the passage of time, the exchange of accumu- 
lated experience between ARC and its contractors and among con- 
tractors has resulted in the development and application of increas- 
ingly more refined methods and procedures not only in the control of 
personnel exposures but also in the detection and measurement of 
radiation. 

As indicated above, the AEC has incorporated in its own standards 
the recommendations, as they have been revised from time to time, 
of the National Committee on Radiation Protection and Measure- 
ment. These recommendations have also been adopted in Handbooks 
published by the National Bureau of Standards. The historical 
development of the standards and their underlying philosophy are 
discussed in part I, section 2. 

One of the inevitable consequences of any control system which sets 
arbitrary limits by time periods on the amount of radiation exposure 
an individual may receive is the necessity, occassionally, for imposing 
work restrictions on employees who have exceeded or are approaching 
established exposure limits. Of natural concern to employees and 
employers alike is what happens to workers who may be placed on 
such work restrictions. 

A recent study has been made of the various ways AEC contractors 
have been dealing with this problem. Four major areas were re- 
viewed: the methods and principles employed by contractors to 
enable them to operate within AKC requirements; the type of em- 
ployees who have been subjected to restrictions; the duration of work 


restrictions; and the employment arrangements made for employees 
under work restrictions. 
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METHODS AND PRINCIPLES 


The standards established in AEC Manual Chapter 0524 set the 
levels of radiation exposure which are the maximum permissible 
occupational exposures for AEC and contractor employees. In line 
with the desirable objective of keeping exposures to a practical and 
feasible minimum, contractors are free to establish more conservative 
or restrictive levels, subject to the approval of Managers of Operations. 

The contractors who have established more restrictive require- 
ments have generally followed a policy of reducing the amount of 
exposure an individual can receive in weekly or quarterly time periods, 
Previous NCRP and AEC standards subscribed to weekly controls. 
This method of control has recently been rescinded by the NCRP. 
The AEC adopted this recommendation. For example, earlier rules 
set the maximum permissible level at .3 rem/week, 3 rem/quarter and 
15 rem/year for whole body radiation. Present AEC standards no 
longer prescribe a weekly maximum but rather state only that 
«“* * * the maximum permissible accumulated dosage in rems at any 
age, is equal to 5 times the number of years beyond age 18, provided 
no annual increment exceeds 15 rems.”’ and that “‘* * * not more than 
one-fourth of the 15 rem maximum permissible yearly dose shall be 
taken in one-fourth of a year.”’ 

Contractors’ more restrictive standards generally take two forms: 
(1) adherence to current AEC requirements (i.e. use of the quarterly 
and yearly time periods only) with less than prescribed amounts of 
exposure as maximums or; (2) the use of the former weekly maximum 
in addition to the quarterly and yearly control limits. 

The methods followed by contractors to keep exposure below the 
levels established—either those of the Commission or their own, more 
restrictive standards—vary from contractor to contractor. The most 
predominant, however, is the work permit system. By this method, 
individuals cannot work in areas where radiation levels exceed certain 
values except by means of a work permit which allows an employee to 
enter and remain in the area for a certain length of time. 

The principles governing the application of the standards can best 
be described as dose control. In this sense, individuals who, in the 
normal course of their employment, are exposed to various amounts of 
radiation, have their exposure controlled by health physicists, aided by 
the monitoring techniques and protective devices suited to the hazard 
encountered. The controls are designed to assure that an employee 
never receives a dose, or is exposed at a rate which will exceed the 
standards. But, as in other activities, accidents happen in atomic 
energy. Asa result, individuals have been exposed to more radiation 
than the established working standard for a given period. When this 
occurs, the exposed employee is usually removed from work involvin 
radiation for period of tume—the duration depending on the nature an 
severity of the exposure. 

So long as the working standards are not exceeded, their administra- 
tion is almost exclusively by health physicists applying administrative 
criteria. When accidents occur, however, medical personnel are usu- 
ally called in. They evaluate the prone effect of the exposure, 
determine the physical condition of the employee and, in conjunction 
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with health physicists and management, decide the duration of the 
work restriction. The final determination of when an individual may 
return to work is generally made by the medical staff taking into ac- 
count the 5(n—18) formula discussed in part I, section 2. 

It should not be inferred from the foregoing that two sets of stand- 
ards are in effect at AEC installations. The more restrictive limits 
used by some contractors are only “working limits” within the manda- 
tory maximums established by AEC. 

It was pointed out in part I, section 2, that the concept of average 
yearly dose—or for that matter, the entire ‘maximum permissible’’ 
concept—is somewhat arbitrary; at least it is as much administra- 
tively oriented as it is scientifically based. This is so in large part 
because at some point in the field of radiation protection, scientific 
data is inconclusive and sound judgment must be used concurrently 
with the scientific information at hand. 

It has been mentioned earlier in this report that there is room for 
reasonableness in discussing present standards. For administrative 
purposes, however, some fixed levels must be used even though it 
cannot be firmly established that slight amounts of exposure beyond 
these levels will cause damage. 

Management has recognized that in some situations the multiple 
objectives of maintaining the minimum feasible exposure and keeping 
within the maximum permissible limits can most effectively be met 
by the use of working standards below the AEC prescribed maximums. 

In our recent review of Work Restriction practices reports were 
received on a total of 739 restrictions involving 718 employees (eleven 
employees were restricted twice each, and three restrictions were im- 
posed on each of 5 employees). The coverage is believed to be rep- 
resentative in terms of types and duration of restrictions and reason- 
ably comprehensive as to number for a 21 month period. 

Very few of the restrictions cited were imposed as a result of acci- 
diniak exposure above Commission established limits. The great 
majority of employees restricted were so treated because: (1) an 
exposure had been received which may have been below the Com- 
mission’s maximum levels, although in excess of the contractor’s 
working standards; (2) employees were receiving exposures at a rate 
which would have approached, if allowed to continue, the maximum 
permissible dose (prescribed by the Commission or set by the con- 
tractor) before the authorized time period had elapsed for that amount, 
or; (3) in controlling the worker’s exposure, measures were taken to 
prevent the possibility of these latter two situations from happening. 
The extent to which any of these reasons may have been used in 
imposing restrictions is not known. It can be inferred, however, that 
since the large percentage (78 percent) were less than one month, the 
practice of preventive rather than corrective restrictions prevail. ‘ 


TYPE OF EMPLOYEE RESTRICTED—DURATION OF RESTRICTION 


Table 4 below divides the work restrictions into eight time groups 
ranging from less than one month to more than 24 months, 
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TaBLe 4.—Work restrictions imposed by AEC contractors, Jan. 1, 1957-Sept. 30, 
1958 (48 contractors, 52 installations) 


Number of employees restricted: 
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1 11 employees, 2 restrictions each; 5 employees, 3 restrictions each. 


The 29 restrictions in excess of 24 months are of the following 
duration: 


Wm RU TE re 
rs ne gene: a cnesebeiiab ol apeaenlieant aaa 


4B meonbhe ss 6 ii cildcct aban the Caw en CEs oo sane eenobencnsausen nee 
OF ITI cn, ox. cman) chnmarenpititits abaaateiniinn Katinamaiincatncaiine lh oneness 
er WA =. Conc onrasenibee deme anh dane ce 6anee sateen 
G3 months... eo ae ee aoe 
OP ren ok Sei OUR Sc ea ee eee 
106 mentite. i o..~ p added — denials. oie eae 4 eee 
Permanently ‘ronssigned@s oo. 2: ls S005. SAIL IO RilOi1G. BOSS ke 
Exact length of restriction not yet determined 


pm 09 ow fs NNR RR Re Re 


eee eee ee eee ee 


From an employee relations standpoint, one of the most important 
aspects of the problem of controlling radiation exposure by work 
restrictions is the employment arrangement made for the period of 
the restriction. 

The largest number of workers restricted (474 out of 718) were 
allowed to remain on their present jobs, with more rigid limitations 
than would normally apply beinw placed on the amount of radiation 
they could receive. 

The second largest number (230) were temporarily detailed to other 
jobs not involving exposure to radiation. The remaining 35 restric- 
tions involved permanent reassignments to other positions in the same 
establishment where there would be little or no chance of future ex- 
posures. These 35 are made up of the 13 shown above as permanently 
reassigned from the >24 months group plus 22 others reported as re- 
stricted for shorter periods of time—but with respect to whom a 
decision in favor of permanent reassignment was made during the 
shorter restriction. 


It is worthwhile noting that no employee was separated from the 
payroll as a result of overexposure (although two employees placed on 
work restrictions were terminated for other reasons asthe the period 
of their work restrictions); no employees were displaced as a result of 
permanent reassignments; and in only one case was an employee’s 
earnings affected as a result of the imposition of a work restriction. 
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In this instance the employee had been receiving a “premium area 
allowance,” over and above his base rate. This was no longer appli- 
cable after his reassignment however, his base rate was not affected. 


Section 2. Propuction Facrnriry—Hanrorp Atomic Propvucts 
OPERATION, GENERAL Exvscrric Co., RicHLtanp, WasH. 


METHODS USED IN APPLYING, STANDARDS 


Hanford radiation protection standards are based on a number of 
written expressions of policy, issued as a manual (H W-—25457 REV 1). 
One of Hanford’s principles is the maintenance of radiological working 
conditions such that there are no radiation injuries to workers, and 
that individual accumulated exposures are controlled to within estab- 
lished exposure limits. In addition, it is Hanford policy to minimize 
exposure of employees to ionizing radiation and to limit exposures to 
within values presently considered acceptable by the National Com- 
mittee on Radiation Protection and Measurements and to AEC direc- 
tives for which HAPO has contractual obligations. 

These standards apply to all employees engaged in production, 
research, service, and construction activities. All Government em- 
ployees and visitors associated with Hanford activities also come under 
the same radiation control requirements. The standards are imple- 
mented by detailed procedures and work practice manuals written by 
each organizational component performing work with ionizing radi- 
ation. All of the procedures are directed toward keeping exposures 
to people at the lowest practicable level. 


Controlling exposure 


Although the personnel meter program is established such that a 
record of each individual’s exposure is created, through the issuance 
of film badges to each person with access to production areas, the 
sine number of people requiring close exposure control is relatively 
small. 

The overall control of whole body exposure to penetrating types of 
radiation (X- or gamma, neutrons) is mostly achieved by the use of 
shielding with concrete walls, lead bricks, etc., such that in routinely 
occupied work areas, the dose rate is less than 0.001 rad/hour. 

In addition, control is achieved through the use of distance, utiliz- 
ing remotely operated crane, hoists, tools, etc., or sometimes utilizin 
water in a pool to serve as a means of distance, shielding, visibility ont 
contamination control. Lastly, personnel exposure control is achieved 
by utilizing time. One use of time is to allow short-lived radioisotopes 
to decay, another is to limit the time a worker can stay at a job by 
determining the dose rate and then limiting his time in the work area 
to insure that the permissible dose will not be exceeded. 

The control of internal exposure to within permissible limits has been 
accomplished by the use of physical contamination barriers, both in- 
clusion barriers such as walls and plexiglass. or plastic bags, and 
exclusion barriers such as protective clothing and pascoimang | eantin 

ul 


ment. In support of controlling personnel internal exposure, ding 


designs have incorporated ventilation systems and air locks such that 
any airborne contamination that escapes an inclusion barrier will tend 
to be localized and confined to the immediate vicinity. 
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Personnel protection measures 


Although Hanford in size is over 640 square miles, less than a few 
square miles in total are designated as radiation zones, or locations 
wherein the potential for significant quantities of ionizing radiation 
may be encountered. 

All Hanford radiation zones are positively identified and isolated 
by barricades, signs, occasionally flashing lights, locked gates or doors, 
etc. In addition, in locations where the dose rates are extremely 
high or may be expected to fluetuate widely or are unknown, more 
rigid personnel protection measures are used such as interlocking 
doors, entry and exit logs, and lock and tag procedures, 

Administrative controls for personnel protection consist of requiring 
written and countersigned work procedures for each radiation zone 
entry which describe the work location, limit the work to be per- 
formed to specific tasks, prescribe protective apparel as appropriate, 
and specify radiation monitoring controls. 

Additional personnel protection measures are: 

(a) Detailed work planning sessions for any major or nonroutine 
radiation zone work. 

(0) Staff radiation protection services which not only provide 
detailed and continuous evaluation of radiological working conditions 
but also consultation on techniques and procedures directed toward 
minimizing human exposures. 

(c) Worker education programs ranging from. on-the-job instrue- 
tions through graduate level seminars and lectures. 

(d) Active and separate conventional safety programs, including 
formal joint management-labor inspection committees. ‘These pro- 

rams actively pursue conventional working conditions such as light- 
ing, sidewalks, sanitary facilities, transportation, fire and electrical 
protection, etc., which can have a concomitant influence on the 
effectiveness of the Hanford radiation protection program. 

(e) Company-issued protective apparel such as coveralls, rubbers, 
masks, ete. 

(f) Periodic medical examinations and consultation with industrial 
physicians whenever requested. 


Instrumentation and monitoring 


External exposure of employees to ionizing radiation is measured 
and controlled through the use of individually..issued film badges. 
The badge utilizes photographic film and suitable filters, and provides 
for individual and definitive monitoring of the external exposure of 
every employee with access to production and laboratory areas, 
regardless of entry into radiation zones. Other devices such as pocket 
dosimeters (pencils) and finger rings are occasionally used where 
specified. 

Evaluation of any internal deposition of radioactive materials in 
employees is achieved through the bioassay program. This program 
provides for periodic sensitive analyses of body fluids, primarily urine, 
and subsequent evaluation of the magnitude of internal deposition, 
Under current construction is a whole body counter facility which 
will permit external direct measurement of internally deposited radio- 
isotopes through the use of extremely sensitive gamma-detecting 
instruments housed in a massively shielded room. 
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Semiautomatic hand and shoe contamination detectors are also 
provided throughout the work areas to permit frequent checks by 
each person upon his exit from radiation zones known to. contain 
significant quantities of radiation contamination. These instruments 
supplement check stations established at principal work locations 
within radiation zones and which are used to promptly detect any 
evidence of contamination on protective apparel. 

Work location monitoring is achieved in three ways. First, by a 
plantwide system of health monitor (HM) chambers sensitive to 
gamma radiation and operating in over 100 different key work loca- 
tions, both inside and outside of radiation zones. The second basic 
form of work location monitoring is an integrated net work of air- 
sampling stations which, after processing the air samples, provide a 
means for evaluating the radiological status of the breathing atmos- 
phere. The third means is through the use of portable survey instru- 
ments, which in the hands of trained users provide an instantaneous 
means for determining the dose rate and/or level of contamination. 

Employee training in radiation protection instrumentation and 
monitoring is a continuing program. New employees are instructed 
in the proper wearing of personnel meters and use of hand counters. 
Experienced employees, who are engaged in radiation work are in- 
structed in the use of simplified survey instruments. These training 
programs are evidence of Hanford’s belief that the radiation worker, 
for his own self-protection, must be able to understand and use 
provided protective devices. 


Recording exposure 


The radiation sensitive film, after removal from the film badge and 
processing, is the Hanford primary exposure record. For the rare 
occasions when this film badge is lost or damaged, an investigation is 
conducted and the person’s exposure is reconstructed and documented 
by extrapolating from fellow workers’ exposure, or HM chamber 
readings, as the chamber response is continuously recorded and 
permanently maintained. 

Records are also created and kept of each evaluation of internal 
deposition which is made, as are the records of any person’s involve- 
ment in a radiation incident whether or not any exposure exceeded 
permissible limits. 

The film badge records, internal deposition records, and pertinent 
incident records are maintained as strictly private individual exposure 
porn dossiers and are kept indefinitely in fire-resistant, storage 
vaults. 

The radiation surveys written by monitoring personnel in the course 
of evaluating the radiological status of work locations and specific 
jobs are also permanently filed. 

All routine personnel exposure history information is processed - 
electronic data processing systems. This enables centralized, detailed, 
and diverse statistics to be promptly supplied to management and 
enables the worker’s exposure to be always currently available, a 
distinct advantage to Hanford because there are over 12 principal 
work locations widely separated over the 640 square miles that make 
up the project. 
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EVALUATION OF HANFORD CONTROL METHODS AND STANDARDS 


Conventional safety at’ Hanford benefits from the extensive radia- 
tion protection program. Thus, safety statistics reflect the intangible 
benefits from the skill, care, and effort applied in radiation zone work. 


Hanford safety summary, 1944-68 


DRS OI TERR. non nar ered vires teniee Seramnenntid todd million.. 235.5 
TE Dn nn oa nana een atietn anerdinee aaminies total__ 149 
che injury frequenoy - . - .-.- 2 Sle per million man-hours_. 0. 63 
AEC contractors all-time low. 2... .-2..--2 22-225 uli e ee 1. 63 
Alb industry) 1967 65550446 25 4-d6- snd eeaaly deters tm ce sehen 6. 27 
Accidental deathe-—all Ganges... .. .. -- -<-0d-ne--s-mantneddehc- caenes= 
Injuries attributable to radiation. ~~. ~~~... 2-22. ee 1 None 
Deaths attributable to radiation---..-.---...---+- 2-40-22 - ass eeee ee None 


1 Epiror’s NOTE,—Although there were no clinically observable injuries attributable to radiation, the 
1 Hanford employee cited on table 5, p. 119, was reimbursed by the employer for 4 days away from work 
while under medical observation. 


Controlling exposure 


The exposure of employees to external penetrating radiation has 
been controlled to levels well below permissible limits recommended 
by the NCRP. The ten employees at Hanford who have received the 
highest cumulative exposure have received an average total dose of 
17 rem. This is less than one-seventh of the average cumulative dose 
these ten employees could have received and still have been below 
the permissible dose allowed under the 1958 NCRP recommendations. 

Since 1944, there have been over 18,000 different people who have 
worked or are working at Hanford. Of this number, only 14 employees 
have a body burden of radioactive materials which exceed one-fifth 
of the NCRP recommended maximum permissible limit (MPL) for 
occupationally received internal deposition. Of these 14, three exceed 
NCEP permissible limits. No Hanford employee has shown any 
demonstrable effects from deposition of radioactive materials. 

Nominal radiological work restrictions have been made on an ad- 
ministrative basis for Hanford employees. All radiological work 
restrictions have been as a result of internal deposition of radioiso- 
topes and with but minor exceptions these have all been plutonium. 
Employees with one-fifth or more of the plutonium MPL are assigned 
to work in which the likelihood for further plutonium exposure is 
minimal. Employees who have a body burden at or in excess of the 
MPL for plutonium (0.04 uc Plutonium’) are restricted from further 
radiation work. No radiological work restrictions have been necessary 
because of whole-body external exposure received at Hanford. 
Personnel protection measures 

Hanford personnel protection measures are broadly grouped into 
physical confinement or control of radiation sources and administra- 
tive procedures. Physical control has been such that no significant 
exposure of employees has resulted from insufficient identification or 
barricading of these radiation work zones. Administrative measures, 
including extensive training of employees, have provided the develop- 
ment of extensive procedures ea methods for performing radiation 
work. These have contributed to the achievement of minimizing 
radiation exposure to employees as discussed above. 

Protective clothing is worn to avoid skin contamination or contami- 
nation of personal clothing. In 1957, approximately a half-million 
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coveralls and other items of protective apparel were worn by Hanford 
employees. Employee reimbursement for personal clothing inad- 
vertently contaminated and confiscated in 1957 was less than $400 
and involved less than 50 different items of clothing. None of these 
constituted a hazard but were retained as a matter of policy because 
ee could not be decontaminated successfully to below detectable 
evels. 

Approximately 1,000 cases of skin contamination occurred in 1957. 
The majority of these involved insignificant amounts of radioactive 
material. None of these cases resulted in localized external exposure 
to the skin or internal deposition of any concern. All cases of skin 
contamination at Hanford have been successfully decontaminated. 


Instrumentation and monitoring 


Instrumentation and monitoring are cornerstones in a compre- 
hensive radiation protection program. In Hanford’s experience no 
failures in instrumentation or faulty monitoring techniques or services 
have caused exposure of employees to radiation doses of any concern. 

Hanford’s film badge and bioassay programs have sufficient quality 
to measure the individual radiation dose an employee may receive 
down to levels substantially below maximum permissible’ exposure 
limits recommended by the NCRP. 


Recording exposure 


Exposure records and certain other key records, such as signed 
radiation surveys and charts recording work location radiation meas- 
urements, are permanently stored. Although the need for these 
stored records has been very infrequent, they serve the function of 
being able to reconstruct the radiological status of work location and 
situations. 

The recording of routine exposure data through the use of electronic 
data processing machines has made practicable the annual reporting 
to each employee of his recorded accumulated whole body exposure 
in the form of a strietly private, radiation report card. This exten- 
sion of communications has been well received by employees. 


Srction 3. Natronat LABORATORY—BROOKHAVEN NATIONAL LAB- 
oRATORY, AssociaTED Universitigs, Inc., Upton, Lone Isianp, 
N.Y. 

INTRODUCTION 


The problem of radiation safety at a large AEC supported research 
laboratory is similar to that at other types of installations in that 
similar radiations and biological effects are involved and the basic 
techniques available for protection are similar. However, there are 
numerous differences, among which we might mention the following: 
(1) The technical activities are very varied and are constantly chang- 
ing so that rigid standardization of procedures is not feasible. (2) ii 
is necessary to retain a high degree of flexibility so that diverse and 
original experiments may be carried out. (3) There are many visitors 
and relatively transient personnel as well as many very competent 
research scientists who require radiation safety services and super- 
vision. Thus, training programs and a high caliber of Health Physics 
personnel are especially important. 
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This particular laboratory encompasses most of the radiation safety 
problems encountered by research laboratories in general. However, 
the following are of major interest: (1) Radiation safety for a number 
of high-voltage accelerators, including a 60’’ cyclotron and the 3-Bey. 
cosmotron. (2) Exposure and contamination control in operating 
and using the large-air-cooled research reactor. (3) Waste disposal 
in an area where minimal use may be made of the ground for disposal 
of liquid or solid radioactive wastes. 

This discussion will be divided into three parts: first, a brief outline 
of the control methods and standards utilized; second, a discussion 
of certain special problems in radiation safety that are particularly 
prominent at this laboratory; and third, some overall evaluation of the 
control methods and standards as actually applied under operating 
conditions. 

METHODS OF RADIATION PROTECTION 


Radiation protection starts with proper design of facilities. The 
primary responsibility for this matter lies with the scientific group 
that specifies the nature of a new facility and with the architects and 
engineers who do the detailed design. The Health Physics Division 
participates to some extent in the early planning and reviews the de- 
tailed design. 

Measurement of radiation in laboratories and in the vicinity of 
accelerators and reactors is, perhaps, the primary protective technique. 
A variety of instruments, suitable arrangements for calibrating them 
and trained personnel for making and interpreting measurements, are 
required. The professional Health Physicists at this laboratory have 
Bachelors or Masters degrees, plus specific training in Health Physies. 
The technicians, or technical specialists, have junior college education. 
This high level of technical competence has been set up with two ob- 
jectives in mind: first, to cope with the extremely varied problems en- 
countered at a laboratory of this type, and second, so that a certain 
amount of research and development can be carried on by the Health 
Physics staff concurrently ‘with their service activities. 

Radiation conditions in the surrounding areas are monitored by 
means of several fixed stations containing automatic equipment. 
Daily samples of the laboratory’s liquid waste effluent are analyzed 
for gross activity. Routine measurements of gross fallout activity 
from weapons tests are carried out. This “area monitoring’’ aspect 
of the program is relatively small since the gaseous and liquid waste 
effluents from this laboratory have been shown to be far below the 
officially designated safe limits. 

Personnel monitoring by means of film dosimeters is provided for 
all individuals in areas where measurable exposures may be encoun- 
tered. A Remington Rand punchcard system is utilized for recording 
quarterly and annual exposures and for computing integrated ex- 
posures. Because of the very considerable neutron hazards asso- 
ciated with the high-voltage accelerators, nuclear track film (NTA) 
is included in all badges. 

Other protective techniques that do not need to be explained in 
detail, are the provision of shielding where necessary, the use of remote 
handling equipment, the use of ailennite hoods and ventilation sys- 
tems, the provision of a variety of respiratory protection and protec- 
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tive clothing, the use of work orders prepared by Health Physicists for 
maintenance work, etc. 

This laboratory has relatively few problems involving — alpha 
emitters but maintains a special facility in a portion of the Hot Labora- 
tory where work of this nature is carried out. There is also a facility 
for critical experiments that is carefully segregated from the rest of the 
eae + se and whose operation involves a relatively small number of 
people. 

A program of urinalysis for gross activity and, in some cases for 
specific isotopes (principally strontium), is carried out. This is a 
relatively small program involving one Chemist and one chemistr 
technician. Periodic surveys are made of certain groups whose wor 
makes it possible that they may become internally contaminated. 

The Health Physics Division operates a system of indoctrination 
lectures and interviews for new personnel and conducts training pro- 
grams and refresher programs for individuals and groups throughout 
the laboratory as required. Since the General Safety program is 
administratively and operationally integrated with the Health Ph ics 
activities, general safety indoctrination and training are carried out 
concurrently. 

STANDARDS 


The extensive program of radiation protection just outlined is nec- 
essary so that both external and internal radiation exposures may be 
kept below safe upper limits. The standards followed in this connec- 
tion are those issued by the National Committee on Radiation Pro- 
eee and published in a series of U.S. Bureau of Standards Hand- 


Locally applied standards in fe ree to the control of airborne and 
surface contamination are generally far more stringent than would be 
required for health reasons. This is because low and known back- 
ground levels are frequently required in connection with the experi- 
ments that are in progress. Thus, most experimental areas may be 
entered by visitors without special protective clothing. This is not 
true of certain high level areas, the pile building during shutdowns or 
facilities used for special experiments. 

Detailed standards and procedures in regard to all aspects of radia- 
tion safety are published in the BNL Safety Manual for the guidance 
of all concerned. In addition to provisions for exposure and con- 
tamination control, the manual contains sections on personnel moni- 
toring, the use of the Health Physics Instruction Sheet, waste disposal, 
laundry procedures, Fire Department procedures and emergency 
coverage. 

ACCELERATOR SAFETY 


Safety problems related to particle accelerators loom sang at BNL 
since the laboratory operates two cyclotrons, the 3-Bev. Cosmotron 


and several Van de Graaf generators. The hazards associated with 
these machines are very considerable and a great deal of effort has 
been expended to achieve safe operating conditions. The 60’’ 
Cyclotron and the Cosmotron pose the major current problems, but 
the 30-Bev. machine (alternating gradient synchrotron) now under 


construction will result in additional problems in the not-too-distant 
future 
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THE 60° CYCLOTRON 


The 60’’ Cyclotron itself is located in a vault not normally entered 
during operation of this machine. Experience has indicated the need 
for rigidly fixing responsibility for evacuation of the vault prior to 
operation of the machine. This has been accomplished by the use 
of a recording lock mechanism at the console with numbered keys 
assigned only to a limited number of trained operators. The vault 
doors are equipped with the usual interlocks and both gamma 
and neutron sadiasitnn levels are remotely indicated by suitably located 
monitors. 

A hot chemistry laboratory is provided adjacent to the cyclotron 
vault for processing of irradiated targets. This is provided with 
hoods, shielded work areas, storage facilities and decontamination 
and monitoring arrangements. 

Also adjacent to the cyclotron is an experimental vault into which 
beams of particles may be projected. Here frequent access to the 
equipment is necessary and there are a variety of safety measures, 
including photoelectric barriers at the entrance, a closed circuit tele- 
vision monitor providing the cyclotron operator with a view of the 
area and radiation monitors for both neutrons and gamma rays. 


THE COSMOTRON 


The Cosmotron has been a difficult machine to use safely for a 
variety of reasons of which the following may be cited: (1) The initial 
design provided only ‘partial shielding so that there have been large 
areas, necessarily frequented by experimenters, with appreciable radia- 
tion levels. (2) The output of the machine has increased 100-fold or 
more, since the initial period of operation, due to technical improve- 
ments. (3) The Cosmotron is used in many ways with different 
targets, intensities and geometrical arrangements. The resulting 
radiation exposure conditions are correspondingly diverse. (4) Radia- 
tion pulses occur only every five seconds, making conventional rate- 
meter types of instruments inapplicable. (5) Intense external beams 
of 3-Bev. protons may be brought out through the shield for experi- 
mental purposes and projected into a large outdoor area. 

Despite the above difficulties, it has been possible to operate the 
Cosmotron safely with a minimum of restrictions on its use. To 
accomplish this, advantage has been taken of the fact that, for many 
experiments, operation at lower intensities is adequate. In addition, 

erimenters will usually spend only a fraction of their workweek 
taking data at the machine. Thus, exposures have been held well 
below maximum permissible values despite the existence at times of 
very high radiation levels throughout a major portion of the experi- 
mental areas adjacent to the machine. 

Because of the low repetition rate of the pulsed radiation, it has been 
necessary to develop new monitoring instruments and techniques. 
Personnel monitoring by means of nuclear track films is an essential 
feature of the exposure control since the radiation levels vary con- 
siderably from place to place. In the absence of complete knowledge 
of the characteristics of the radiations encountered, safely conservative 
policies in regard to permissible exposure levels have been established. 
The external beam area has been fenced off and a large earthen dike 
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constructed to catch the external beam and prevent undesirably high 
radiation levels beyond the controlled area. 

The Cosmotron has been shut down for some time for major repairs 
and alterations. The machine proper is being provided with complete 
shielding and a greatly enlarged indoor experimental area is being 
provided. When the experimental program resumes later this winter, 
greatly improved conditions are anticipated. However, the number 
and variety of experiments will increase as will the use of intense 
external beams. The Health Physicists assigned to this area will 
thoroughly evaluate the radiation exposure conditions and continue 
with their study of the detailed composition of the radiations encoun- 
tered for various conditions of operation. 


THE RESEARCH REACTOR 


Brookhaven operates a large air-cooled research reactor that sup- 
ports a very numerous and diverse array of scientific projects. One 
of the major exposure control problems encountered is associated 
with discharging of spent fuel elements and the manipulation of those 
fuel elements in the associated canal. , As a result of occasional fuel 
element ruptures, everything coming from the pile has until recently 
been exceptionally contaminated. Now that the original fuel ele- 
ments have been replaced with an improved type, this difficulty has 
been decreased. However, the new loading produces a much higher 
neutron flux and the induced activity of objects that have been in 
the pile is correspondingly higher. 

Removal of very radioactive equipment from experimental holes in 
the pile and transportation of such equipment to other experimental 
areas or to the waste area are operations requiring careful planning 
and execution if the spread of contamination or high exposures are 
to be avoided. Numerous small objects and experimental samples 
are irradiated in the pile for varying periods of time and the removal 
and handling of such items, particularly while the reactor is operat- 
ing, are also potential sources of exposure. 

The Health Physics Division maintains a staff of six at the reactor 
with the necessary facilities for monitormg, assaying samples of air 
and surface contamination and for checking and removal of personnel 
contamination. Automatic alarms are provided to warn of abnormal 
gamma radiation levels or of appreciable airborne contamination and 
the release of radioactive materials from the reactor stack is also 
monitored. 

WASTE DISPOSAL 


Gaseous waste disposal is a minor problem at Brookhaven. The 
cooling air from the reactor contains large quantities of Argon-41 but 
is released from a 300-foot stack and diluted to a point well below 
maximum permissible at ground level. Off-gases from the hot lab- 
oratory are released from the same stack after passing through a 
caustic scrubber and filter. However, fuel elements are not proc- 
essed in any quantity and hence gases from the hot laboratory pose 
no problem. 

Liquid wastes are segregated at the source and only very low levels, 
totalling no more than 1.5 curies per year, are released to the labora- 
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tory sewage system and the small stream into which its-discharges. 
Other liquid wastes are concentrated by evaporation and used to 
make concrete which is packaged in 55-gallon drums and disposed of 
in deep water beyond the edge of the Continental Shelf. 

Solid wastes of very low radioactivity are discharged to the labora- 
tory dump, the quantities disposable in this fashion being a maximum 
of 10 curies per year for short-lived materials and lesser amounts for 
materials with longer half-lives. Higher level solid wastes are pack- 
aged in 55-gallon drums for sea disposal where possible. When too 
active or not manageable physically for this type of disposal, solids 
are stored under ground in concrete-lined trenches or wells. Burial 
of intermediate or high level wastes on the Brookhaven site is not, at 
present, considered advisable because of the use of ground water for 
drinking and irrigation in nearby areas. Because of this situation, 
sea disposal is an attractive method and it is anticipated that arrange- 
ae will be made to dispose of larger concrete-loaded objects in the 
uture. 


EVALUATION OF CONTROL METHODS AND STANDARDS 


In applying the exposure standards mentioned above, it is felt that 
they should be treated as valid engineering guides and that exposures 
approaching the stipulated maxima should be made use of where 
genuinely necessary. However, exposures over the limits should be 
assiduously avoided and, in particular, steps should be taken to assure 
that the limit on integrated exposures is not exceeded. It is the in- 
tention of the laboratory to prevent overexposures while avoiding 
costly and unnecessary over-protection. - 

Thus far the Brookhaven record on both internal and external ex- 
posures has been excellent with no case of exposure appreciably over 
the prescribed quarterly limit and with no case of an internal body 
burden comparable with the maximum permissible value. In no case 
has the limit on integrated exposure been exceeded. It is proper to 
point out that this is almost certainly partly good luck since the 
potential for serious exposure incidents exists in numerous locations. 
The chance of radiation accidents cannot be completely eliminated 
without intolerable restrictions on the progress of research and perhaps 
not even then. However, the standards and control methods in use 
are such, that the possibility of significant injury to employees as a 
result of exposure to radiation is extremely small compared with the 
chance of other types of injury. 

In regard to the control methods used, one may reasonably conclude 
that they are adequate and achieve the basic objective; namely the 
safe execution of an advanced and diverse program of fundamental 
and applied research. However, one must hasten to add that many 
opportunities exist for improvements leading to reduction in costs and 
extension in the scope of technical activities that can be safely exe- 
cuted. The skillful application of existing methods is important and 
satisfying but the ever-present need for continual improvement is the 
challenge that makes the profession of Health Physics vital and worthy 
of the best efforts of all concerned. 














44 RADIATION HAZARDS AND WORKMEN’S COMPENSATION 


Section 4. Reactor Facinriry—Mareriarts Testina Reactor, 
Puituirs Prerroteum Co., Atomic Engrey Division, IpaHo 
Fauis, Ipano 


During the six and one-half years of full power operation of the 
Materials Testing Reactor as a high flux test facility, the average 
radiation exposure of personnel has been well below the permissible 
limits set by the AEC or the National Committee. Strict compliance 
with AEC standards for radiation exposure limits has not given rise 
to any serious problems. It might be anticipated that operation of 
a nuclear test reactor wherein several potentially hazardous experi- 
ments are inserted and removed on an average of each three weeks 
would provide a setting for a number of accidental overexposures as 
well as pose a large and continuing problem of keeping the exposure 
levels of the entire group of reactor personnel well Fithin acceptable 
limits. However, while there have been some accidental exposures 
above normally accepted limits at the MTR, none has resulted in a 
lost time injury to the individual or in work restriction which caused 
a monetary loss to the individual or additional cost to the operation. 


RADIATION EXPOSURE CONTROLS 


Control of exposure at the MTR is primarily administrative, backed 
up by an adequate group of radiation monitoring personnel and area 
and air monitoring equipment. Although present AEC regulations 
do not require it, an administrative limit of 300 mrem in any one week 
is set as the extent to which any individual may be exposed to penetrat- 
ing radiation without special consideration being given to the cir- 
cumstances and justification for greater exposure, A further limita- 
tion is imposed that the total radiation in any period of thirteen 
consecutive weeks may not exceed 3 rem. If circumstances appear 
to warrant, a Branch Head in charge of operations, technical or 
maintenance work may request approval from the appropriate 
Assistant Division Manager for certain stated individuals to receive 
in excess of the weekly limit. Except in cases of emergency, this 
approval is requested in writing and states the individual’s name, 
the maximum exposure requested, the work to be performed, the 
circumstances justifying the exposure and the individual’s exposure 
record for the past thirteen weeks. If the Assistant Manager agrees 
with the need for the exposure and the requested limit he signs the 
exposure request and returns copies to the Branch Head and Health 
Physics Supervisor as authority to proceed with the work under the 
stated conditions. 

All work with radioactive materials is carefully monitored before 
work begins and any job which could result in exposure greater than 
the daily portion of the weekly limit is continuously monitored by 
health physics personnel. As a further precaution, any work area 
which is not normally radioactive but could possibly have been 
subject to contamination is monitored before work is started in the 
area. 

Occasionally it is necessary to expose an employee to radiation in 
excess of the weekly limit. These infrequent cases arise as a result of a 
requirement for a very specialized skill where strict adherence to the 
weekly limit would not permit enough time for one individual to 
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accomplish useful work in the radiation field. The result of strict 
use of the weekly limit would be the sure of a series of individuals 
to the weekly limit without accomplishing the work to be done. In 
those cases where it is virtually necessary to exceed the weekly limit, 
prior written approval of the Assistant Manager is obtained and the 
work is continuously monitored and timed by a health physicist to 
insure that the authorized exposure level is not exceeded. 

Work with radioactive materials presents problems of possible per- 
sonnel and clothing contamination and ingestion and inhalation of 
radioactive particles or gases. When the possibility of contamination 
or ingestion and inhalation exists, special clothing and respiratory 
filters are used during the course of the work. If minor contamination 
is the only problem, the worker is issued coveralls, shoe covers and 

loves for use in his work. For work in areas where radioactive dust 

oes or could exist, the protective clothing is augmented by a dust 
mask which covers the worker’s mouth and nose. Protection from 
radioactive gases which would not be retained by a dust filter is 
effected by use of a fresh air breathing apparatus which supplies clean 
air to the worker. 

It is standard practice to decontaminate and shield work areas to a 
practical limit before permitting work in an area. Although special 
protective devices to be worn by the worker to reduce direct exposure 
are not practical in most instances, use is made of safety glasses to 
reduce eye exposure in fields of beta radiation. 

Each individual is required to wear at all times a film dosimeter for 
measuring beta, gamma and, where advisable, neutron exposure on a 
weekly basis. In addition, the wearing of a gamma sensitive dosim- 
eter is required on a daily basis. In cases where work may subject 
the individual to greater radiation than the daily portion of the weekly 
limit, an additional direct reading gamma dosimeter is issued to enable 
the worker and the health physics monitor to better evaluate the 
extent of exposure. 

Since the greatest potential hazard to the reactor and personnel 
stems from the experiments conducted in the reactor, each experiment 
is given careful scrutiny by one or more trained and experienced 
engineers and is finally approved for insertion by our Reactor Safe- 
guard Committee. This committee is composed of senior employees 
trained and experienced in nuclear physics, metallurgy, strength of 
materials, heat transfer, fluid flow and health physics. It is this 
committee’s responsibility to approve for insertion only those experi- 
ments in which the maximum credible extent of all foreseeable poten- 
tial hazards can be handled safely. The combination of careful 
engineering scrutiny and approval by the Reactor Safeguard Com- 
mittee has resulted in an absence of major incidents and the occurrence 
of relatively few incidents of all kinds when consideration is taken of the 

eat number of irradiations which have been performed in the MTR 

uring the past six years. 

Extensive instrumentation with continuous recorders and auto- 
matic alarms is present throughout the MTR area. Air monitors 
sufficiently sensitive to detect small fractions of the maximum safe 
levels of air concentrations of the most hazardous isotopes encountered 
locally are present in each separate area. These air monitors operate 
on a rate-of-rise principle which quickly detect the presence of sig- 
nificant quantities of radioactive materials. The level of activity 
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detected by the monitors is recorded and both visual and audible 
alarms are integral with each monitor. 

Direct radiation monitors are present in even greater numbers. 
These instruments detect a rise in radiation level and activate visible 
and audible alarms at present radiation levels. Most of the direct 
radiation instruments are part of a monitoring system which records 
and alarms in the health physics office as well as initiating alarms in 
the area in which the instrument is located. Monitoring instruments 
in areas immediately surrounding the reactor are sensitive to thermal 
neutrons in addition to normal gamma sensitivity. 

Major personnel exits from areas in which radioactive contamination 
is most possible are equipped with portal monitors to warn of the 
passage of significant contamination. Hand and foot monitors, to be 
used on a voluntary basis to detect personnel contamination, are 
present in convenient locations. 

The above instrumentation is in addition to the constant surveillance 
provided by trained health physics technicians equipped with portable 
instruments for the detection and measurement of every type of 
radiation possibly present. As mentioned previously, these men 
constantly attend every job known to have significant radiation 
hazard and, in addition, watch for radiation hazard in all areas under 
their responsibility. 

All personnel in the MTR area are required to wear film badges 
which are designed to provide a permanent record of the beta, gamma 
and fast neutron exposure of each individual. Direct and indirect 
reading dosimeters are also used to provide a rapid estimate of the 
gamma radiation received. Urine samples of all personnel are ob- 
tained periodically to assure that no hazardous build-up of internally 
fixed radioactive materials is occurring. 

The Idaho Operations Office of the Atomic Energy Commission 
provides the service which determines and reports to us the exposures 
indicated by film badges and indirect reading dosimeters as well as 
results of urinalyses. The results are permanently recorded in the 
AEC laboratory files and in our own files. As we receive them, the 
results are added to previous exposure and distributed to appropriate 
health physicists and supervisors to aid them in controlling further 
exposure. 

The radiation exposure limits observed at the MTR are those 
advocated by the National Bureau of Standards Handbooks 52 and 
59. Certain chapters of the AEC Manual are also applicable and, 
where they are more restrictive than the NBS handbooks, the lower 
limits are used. 





EXPERIENCE IN RADIATION EXPOSURE 


The control procedures and permissible exposure limits under which 
the MTR has operated have been effective in maintaining a low level 
of exposure to personnel except for a few cases where equipment 
failure and malfunction or human error have resulted in incidents 
wherein some employees received greater than the maximum permis- 
sible weekly exposure. 

Operation of the reactor with a continuous load of approximately 
500 separate experiments, and the insertion or removal of a number 
of experiments each three weeks sets the stage for occasions when 
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radioactive material is released either to the atmosphere outside the 
reactor building or within the building itself. Over the period of 
reactor operation from 1952 to the present, these accidental releases 
have not resulted in physiologically significant exposure to personnel 
but have necessitated several building evacuations. During calendar 
years 1955 and 1956 there were 24 cases of significant releases of 
radioactive materials which necessitated 9 building evacuations except 
for personnel wearing respiratory protection. Total evacuation time 
for unprotected Sabonmel was 42 hours during the two year period. 
In 1957 there were 7 cases where radioactive material was released 
from an experiment. resulting in 4 building evacuations for short 
periods of time. 

In July 1956, the most serious direct radiation exposure incident 
occurred in the history of the MTR. The incident. occurred during 
installation of an experiment in the reactor tank. In order to fasten 
piping and lead tubes from some experiments it is necessary to lower 
the water level in the tank about six feet to permit a man in a bosun’s 
chair to enter the tank to place and tighten the clamping mechanisms. 
Prior to lowering the water level it is necessary to remove the beryl- 
lium discharge tube plug from a rack above the core where it is 
normally located during reactor down periods and place the plug at 
a lower elevation on top of the reflector section. This is done to 
permit lowering the water level and still have adequate shielding over 
the highly radioactive parts of the internal structure. Up to the 
time of this incident, it was standard operating practice to require a 
health physies technician to be present while the water level was 
being lowered and to stay until a thorough survey had been made of 
the radiation field and a safe working time established. All of these 
things were done prior to work on the experiment installation but 
during the course of the installation the discharge tube plug in its 
location on top of the reflector interfered with the experiment inser- 
tion so one of the men picked up the plug with a handling tool and 
thoughtlessly placed it back in the rack from which it had been 
removed prior to lowering the water level. This act exposed the top 
of the plug above the water and greatly increased the radiation level 
in and around the top of the tank. Although this error was quickly 
recognized, eight men received exposures. Three men received an 
exposure between 2 and 3 rem, one man 4 rem, two men 6 rem, one 
man 10.6 rem, and one man 21.5 rem. Seven of the men were re- 
stricted from work in potentially radioactive areas for periods ranging 
from 9 to 68 weeks. These work restrictions did not involve reassign- 
ment to other work except in the case of the man receiving 10.6 rem. 
His normal assignment had been supervision in the reactor area 
whereas after the incident he was assigned to supervisory work in 
an area apart from the reactor. Following this incident, a require- 
ment was established that a health physics technician must be present 
at all times when any work is performed in the tank. 

Three other incidents in which personnel received exposures in excess 
of recommended quarterly limits have occurred but the maximum 
exposure was 5 rem. In three additional cases the circumstances 
vas such that high exposure could have occurred but fortunately 

id not. 

Every case of equipment or personnel failure is thoroughly investi- 

gated by an Accident Review Committee composed of senior per- 
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sonnel. The committee makes recommendations for procedure and 
equipment changes to prevent the occurrence of similar incidents. 

It is felt that the control procedures and standards used at the 
MTR have been effective in limiting the average exposure of personnel 
to a level well below that currently considered acceptable. More 
restrictive limits would probably not prevent an occasional accidental 
exposure in excess of weekly or quarterly limits, but such exposures 
are the rare exception in our experience thus far. 


PART IV 
RADIATION PROTECTION IN THE AEC LICENSING PROGRAM 


Section 1. AEC Reautatory Responsrpitiry UNDER THE ATOMIC 
Enerecy Act or 1954 


In adopting the Atomic Energy Act of 1954, Congress placed upon 
the Atomic Energy Commission the responsibility for regulating, 
through a system of licensing private atomic energy activities, so as to 
promote the common defense and security of the nation and to protect 
the health and safety of the public. It thus became necessary for the 
Commission to. translate the knowledge and experience gained from 
its own operations and that of others into regulations which would 
protect atomic workers and the public and yet not hinder the develop- 
ment of an atomic energy industry. In this connection the recom- 
mendations of the ICRP and the NCRP concerning radiation exposure 
standards have been particularly valuable. In establishing its 
regulatory program the Commission has undertaken to avoid a rigid 
pattern of licensing and regulation which might in practice prove 
unworkable or excessive, and has instead sought to provide the maxi- 
mum feasible degree of flexibility in its controls consistent with safety. 
The Commission believes that, within the limits of assuring protection 
of the public health and safety, its regulations do not impose unneces- 
sary restrictions upon private participation in the development of the 
peaceful uses of atomic energy. 


SecTion 2. MecHANISM FOR DISCHARGING REGULATORY 
RESPONSIBILITY 


The Commission has developed.and placed into effect seven, basic 
rageiions governing the construction and operation of reactors and 
other nuclear facilities, and the possession, use and disposal of source 
(natural uranium and thorium), byproduct (radioisotopes), and special 
nuclear materials (Uranium 233, 235, and plutonium). 

These regulations have been published in the Federal Register as 
part of the Code of Federal Regulations. 


10 CFR 20—“Standards for Protection Against Radiation’”’ 

10 CFR 30—“‘Licensing of Byproduct Material’ 

10 CFR 40—“Control of Souree Material”’ 

10 CFR 50—“Licensing of Production and Utilization Facilities” 

10 CFR 55—“‘Operator’s Licenses” 

10 CFR 70—“Special Nuclear Material” 

10 CFR 71—“Regulations to Protect Against Accidental Conditions of Criticality 
in the Shipment of Special Nuclear Material” 
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The procedural regulations, governing notice and hearing dre 
contained in 10 CFR 2. 


* REGULATIONS 


The licensing regulations specify that no person within the United 
States shall transfer, acquire, own, possess or use any production or 
utilization facility or any source, special nuclear, or byproduct material 
except as authorized by a license issued by the Commission or an 
exemption therefrom. The regulations specify the procedure for 
submitting an application for a license, the general and specific 
requirements for issuance of licenses, and the terms and conditions 
which are a part of each license. For example, they specify such 
things as (1) the type of information that must be submitted by 
applicants for licenses, (2) the criteria for radiation protection, (3) the 
criteria for approval or disapproval of licenses, (4) requirements for 
transfer of licensed materials, (5) recordkeeping requirements, and 
(6) rules relating to the amendment, modification, suspension or 
revocation of licenses. 

The general requirements for approval of an application for a 
license are: 

(a) The use is for a purpose authorized by the Atomic Energy 
Act of 1954, as amended. 

(b) The applicant is qualified by training and experience to use 
the material for the purpose requested in such a manner as to 
protect health and minimize danger to life or property. 

(c) The applicant’s proposed equipment and facilities are 
adequate to protect the health and minimize danger to life or 
property. 

(d) The applicant’s proposed operating procedures designed to 
protect health and minimize danger to life and property are 
adequate. 

Each licensee is required to confine his possession and use of licensed 
material to the location and purpose authorized in the license. 
Licensed material may be transferred only to other licensees authorized 
to receive it. 

10 CFR, part 20, “Standards for Protection Against Radiation,’ is 
the Commission’s basic regulation dealing with radiation protection 
and applies to all persons who receive, possess, use, transfer, or dis- 
pose of source, byproduct, and special nuclear material or who operate 
production or utilization facilities. It establishes technical standards 
and precautionary procedures for the protection of the licensee, his 
employees, and the public from radiation hazards. The technical 
standards include maximum radiation doses individuals may receive, 
maximum radiation levels in unrestricted areas, maximum permis- 
sible concentrations of radioactivity for discharge into air and water, 
and permissible methods and concentrations for the disposal of low 
levels of radioactive waste. 

The required precautionary procedures help assure compliance 
with the technical standards aids include requirements for personnel 
monitoring, radiation surveys, posting of areas and equipment with 
radiation caution signs, instruction of personnel, storage of licensed 
material. The purpose of the reporting requirement is to provide 
timely notice to the Commission of serious incidents involving 
licensed materials so that the Commission can assure that appropriate 
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steps are taken to protect against radiation hazards. The reporting 
requirement specifies immediate, 24-hour or 30-day notification 
depending upon the seriousness of the accident. The type of acci- 
dents which must be reported to the Commission are those which 
involve overexposure of persons to radiation, release of radioactive 
materials in excess of the regulation, loss of operating time of a facility, 
and damage to property in excess of certain limits. 


LICENSING PROCEDURES 
General 


The principal purpose of the licensing requirement is to enable the 
Commission to make a determination that the applicant will be able 
to comply with all applicable regulations including part 20, “Standards 
for Protection Against Radiation” and any special conditions to be 
included in the license. The information required of the applicant 
is designed to provide the Commission with sufficient Lnpiladgs of 
the proposed program to make this determination. Each phase of 
the applicant’s proposed program is carefully evaluated by the Com- 
mission’s technical staff to determine that the conditions of use will 
not be inimical to the health and safety of the public. 


Materials 


Radiation protection is the principal factor considered in licensing 
the possession, use, processing or disposal of source, special nuclear 
and byproduct material. Source material is defined in the Commis- 
sion’s regulations as any material except special nuclear material, 
which contains by weight 0.05 percent or more of uranium, thorium 
or any combination of these two elements. For example, one form 
is the raw ore or mineral as it comes from the earth. Source material 
also includes concentrates of uranium or thorium, salts, compounds, 
alloys or the refined uranium or thorium metal itself. The informa- 
tion required from an applicant for a license to use any of these forms 
of source material varies according to the degree of potential radia- 
tion hazard presented by the use of a particular form of material for 
the intended purpose. It should be noted that since the radio- 
activity of source material is low the relative potential radiation 
hazard is also low. In general, the Commission is interested in 
knowing the type and amount of material involved, a description 
of the proposed use, the radiation safety procedures to be followed 
and the type of radiation surveys to be conducted, the type of radia- 
tion instruments available, and the method of waste disposal. Uses 
of source material which have been licensed include processing of 
uranium ores for concentrate or feed materials for production process 
or reactor purposes, manufacture, fabrication and use of thorium- 
magnesium alloy in aircraft and missile components, use of depleted 
uranium for pilot plant studies on uranium processing, use of uranium 
in glass, ceramic and electronic parts, and use of uranium and thorium 
in chemical and biological research. 

The transfer of certain products ‘containing small: quantities of 
source material are exempt from licensing. These include such 
products as incandescent mantles, glass items, photographic film, 
ceramic products and vacuum tubes. Similarly, small quantities of 
source material may be received and used under a general license 
without filing an application or receiving a specific licensing document. 
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Such uses include medical, educational, or analytical by hospitals, 
physicians, educational institutions, and research laboratories. 

In reviewing applications for licenses involving special nuclear 
material, depending upon the type of material, amount, form and 
degree of enrichment, an additional and more significant potential 
radiation hazard must be considered—the possibility of accidental 
assembly of a critical mass of the material which would initiate a 
chain reaction. The applicant for a license must describe in detail 
his proposed equipment, procedures, and training to avoid conditions 
under which accidental criticality might occur. The information 
submitted by the applicant must provide assurance that the pattern of 
handling the material is such that no one human error could cause a 
criticality accident. The applicant must also demonstrate the 
adequacy of management and administrative techniques to be 
employed to assure that the safety procedures are in fact followed. 
Specific examples of applications where such considerations are 
involved include processing of special nuclear material for reactor 
fuel, reactor fuel fabrication, loading and unloading of reactors, and 
transportation of special nuclear material. In this regard it is impor- 
tant to note that the Commission regulation 10 CFR 70 was recently 
amended to require each licensee authorized to possess more than 
certain specified quantities of special nuclear material to install and 
maintain a radiation monitoring and audible alarm system capable of 
detecting a critical reaction and giving immediate warning to persons 
in the area of its existence so that protective measures may be taken. 
The monitoring and alarm system to be used by each applicant or 
licensee must be approved by the Commission. Further, the Com- 
mission’s regulation 10 CFR 71 establishes requirements for transport- 
ing special nuclear material to protect against accidental conditions 
of criticality. Specifically, the regulation limits the amount of 
material a licensee may transport himself or transfer to a common 
carrier without specific approval of his container design and trans- 
portation procedures by the Commission. 

Small quantities of special nuclear material are used principally in 
research and development activities where the type and degree of 
radiation protection control depends on the particular use involved. 
However, since the amount of material usually involved is no more 
than a few grams, the radiation exposure potential is low. 

Applicants for a byproduct material license must submit an appli- 
cation form giving information on the kind and amount of radioisotope 
desired, the proposed use of the material, the instruments available 
for radiation measurement and monitoring, the training and experience 
of the persons responsible for the use of the material, and the pro- 
cedures and precautions to be employed in assuring radiation safety. 
In the case of specific applications such as radiography, teletherapy, 
gamma irradiators and waste disposal services, certain additional 
supporting information pertinent to the proposed program is necessary. 
For example, applicants for industrial radiography must indicate the 
make and model number of the radiography device to be used so that 
its radiation safety characteristics may be evaluated, the field location 
of use, radiation survey procedures, and procedures for leak testing the 
sealed source, if necessary. Applicants for teletherapy or irradiators 
must indicate the type and amount of shielding used, calculated 
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radiation levels outside the facility, safety interlocks employed, and 
operating and emergency procedures. 

Radioisotope applications cover a broad spectrum of uses in many 
fields. Radioisotopes are used in medicine in diagnosis and treatment 
of various diseases and in research; in industry, in radiography, gaging, 
tracer applications, applied radiation, luminous markers, batteries, 
static eliminators, electron tubes, and in industrial research; in agri- 
culture, in determining efficiency of fertilizers, effecting plant and 
animal mutations, and many research projects; and in universities 
for teaching and conducting research. The radioisotopes involved 
vary widely in type, amount, form, half-life and type of radiation 
emitted. Each category of radioisotope use presents its own particular 
radiation safety problems which must be evaluated in licensing. 

The Commission has determined that small amounts of certain 
byproduct materials may be safely used under general license as set 
forth in part 30 of the Commission’s regulations. Part 30 also pro- 
vides that certain devices containing comparatively small amounts of 
byproduct material may be distributed under a general license when 
they are manufactured and tested under the conditions of a specific 
license. These products include static eliminators, vacuum tubes, 
light meters and ion generators. 

Facilities 

The licensing of facilities, reactors and critical experiment facilities 
is accomplished in two steps; first, by the issuance of a construction 
et and, second, by the issuance of a license to operate the facility. 

ach applicant for a facility license for a nuclear reactor or a critical 
experiment facility is required to provide, to the Commission’s satis- 
faction, reasonable assurance that the proposed facility can be con- 
structed and operated at the selected site without undue risk to public 
health and safety, either from accidental release of radioactivity or 
from routine operations. 

The general nature of the information which an applicant for a 
facility license must submit to the Commission is set forth in the 
Commission's regulation entitled ‘Licensing of Production and Utiliza- 
tion Facilities” (10 CFR, pt. 50). If sufficient information is avail- 
able to provide reasonable assurance that the proposed facility can be 
constructed and operated at the proposed location without undue risk 
to the health and safety of the. public, a construction permit may be 
issued. Before issuing the permit, the Commission either directs the 
holding of a hearing or provides op ortunity for hearing by appropri- 
ate notice published in the Federal Revintet’ Upon completion of the 
facility, the construction permit may be converted to an operating 
license if the Commission finds that the reactor has been properly 
constructed and may be safely operated. ‘This finding is not made 
until final information (including proposed operating procedures) sub- 
mitted by the applicant has been reviewed and the reactor has been 
inspected by the Commission staff. Public hearings may be held 
regarding the conversion of construction permits into operating licenses 
in the same types of situations as in the issuance of construction 
permits. 


8 Public Law 85-256 requires that the Commission hold a public hearing before issuing any construction 
permit or license on an application filed under sec. 103 or 104B of the act or under sec, 104C for a testing 
facility. 
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Since the release of the radioactive materials contained in a nuclear 
reactor could constitute a serious hazard to public health and safety, 
a primary purpose of the Commission’s hazard evaluation procedure 
is to assure that the probabilities of accidentally releasing this material 
are kept to an acceptable minimum. 

The possible releases from normal operations of a reactor are 
relatively easy to control even with a unique design. In routine 
operations, the problems are chiefly those of governing the release 
to the environment of reactor coolants such as air or water in such 
a way as to avoid excessive concentrations of radioactive materials. 

Determining the probability and nature of possible reactor acci- 
dents which might release radioactive materials is more difficult. 
For this purpose, evaluation of reactor hazards requires a complete 
study of all aspects of the reactor design and operation to determine, 
on the basis of the best available information, what could possibly 
go wrong with the reactor and what steps are being taken to prevent 
an accident. For this purpose, the applicant’s engineers and scien- 
tists must critically review each phase of the reactor design and 
operating procedure both in itself and also in its relationship to the 
integrated whole. They must carefully consider the inherent nuclear, 
chemical, metallurgical, physical, and mechanical characteristics of 
the fuel, the moderator, the coolant, the neutron absorbers and 
structural materials in relation to the similar characteristics of the 
control and safety systems; the heat removal system, and the pressure 
systems. The object is to assure that the srobabitioy of an operating 
mishap has been brought to an acceptably low level. Further, the 
engineers and scientists, while concerned with determining that 
reasonable steps have been taken to prevent escape of radioactive 
fission products from the reactor core, must recognize that, in spite 
of all precautions, the most unlikely series of events might take place. 
Therefore, the designers must consider what events could occur which 
would release radioactive materials from the reactor core, and deter- 
mine what further safety precautions should be provided to prevent 
serious consequences for such highly unlikely accidents. This aspect 
of the safety evaluation must > an with the relationship of reactor 
location to its containment; selection of the site on the basis of per- 
tinent radiological safety factors; hydrology, meteorology, and seis- 
mology; estimates of present and future population density of the 
surrounding areas; estimates of the use to which surrounding areas 
will be put, including industrial, commercial, agricultural or resi- 
dential purposes; and the possible use, by man or animals, of surface 
or ground waters that might be subject to contamination by the 
reactor. 

Sinee it is frequently impractical for an applicant to submit a 
complete hazards summary report at an early stage in his plennng, 
procedures are established b which the results of the hazards evalua- 
tions can be submitted step by step as a series of preliminary reports. 
When the Commission is satisfied that a facility of the general type 
proposed can be constructed and operated at the proposed location 
without undue risk to the health and safety of the public, it may issue 
a provisional construction permit. 

Ultimately, the Commission expects to develop standards which 
will make it possible for the designer of a nuclear reactor to know in 
advance that by incorporating certain design features, establishing 
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certain relationships between his location and the containment plan 
of his reactor, and by following certain operating procedures, he will 
meet the Commission’s safety requirements for a license. At pres- 
ent—while the industry is in the developmental stage and most 
reactors differ from others in important aspects—it is undesirable to 
issue as regulations anything more than general standards and guides 
for reactor safety. 

The Commission places in its Division of Licensing and Regulation 
the responsibility for making the necessary evaluation and review of 
hazard analyses, for assessing the reasonableness of the assurances 
that the health and safety of the public will not be endangered, and 
for recommending the terms and conditions to be included in con- 
struction permit and license. 

Public Law 85-256 requires that applications for nuclear facilities 
under Section 103 or 104B for power reactors and under 104C for 
testing facilities be referred to the Advisory Committee on Reactor 
Safeguards, for its advice. The Commission, through its Division of 
Licensing and Regulation, also refers to the Committee other reactor 
projects presenting significant, safety questions. Also, general prob- 
lems of reactor safety, principles, policies, standards and criteria are 
discussed with the Committee before formal adoption by the Commis- 
sion. 

When an application for license authorizing construction and opera- 
tion of a nuclear reactor is received, the application and related docu- 
ments filed in the proceeding are collected and made available for 
public inspection. A notice of the receipt of the application is pub- 
lished in the Federal Register and letters are sent to appropriate state 
officials notifying them of receipt of the application. The same action 
is taken with regard to hearings and the issuance and amendment of 
construction permits and licenses. A copy of the hazards analysis 
made by the Commission staff and, where applicable, a copy of the 
report by the Advisory Committee on Reactor Safeguards are also 
made available for public inspection. 


Operators 


There is one additional licensing step associated with reactor opera- 
tion and this is the examination and licensing of reactor operators, the 
persons who manipulate the reactor controls. In order to qualify for 
an operator’s license, the applicant must show, by medical examina- 
tion, that his physical condition and general health would not result 
in operational errors which might poll gap public health and safety. 
In addition the applicant must have satisfactorily passed an operating 
test as well as a written examination given by the Commission which 
tested his understanding and familiarity with such aspects of the 
facility as general design and operating characteristics, control and 
safety mechanisms, all control station instrumentation, standard 
operating procedures, and other phases important to safe operations. 


INSPECTION 
Introduction 

The Commission’s inspection function, as a part of its regulatory 
program, is designed to provide an independent and first hand review 
of the licensee’s operation. The basic objective, as in other regula- 
tory functions, is the safe use of radioactive materials and the safe 
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operation of production and utilization facilities. The specific 


objectives of the program are the following: 

(a) To gather factual data on compliance of a licensee with 
applicable rules and regulations and with special conditions 
incorporated in his permit or license. 

(6) To investigate radiation accidents and incidents; to deter- 
mine status of compliance on the part of the licensee; to deter- 
mine the cause of the incident and to review the corrective 
action taken to minimize the danger to the health and safety 
of the public. 

(c) Incident to these inspections and investigations, informa- 
tion is collected which may be of assistance to the Commission 
in determining the adequacy and effectiveness of other phases of 
its regulatory program. 

The program is divided into two major parts, corresponding to the 
two major categories of licensed activities: 

(a) Use of licensed materials. 

(6) Construction and operation of production and utilization 
facilities. 

Material licensees 


In this category, activities are licensed for the use of byproduct 
material, source material, and special nuclear material. 

The system for inspection of materials licensees is established on a 
decentralized basis. Accordingly, the inspection functions have been 
organized in 8 of the Commission’s 12 Operations Offices. Each 
office is assigned a responsibility for inspection of licensed users of 
material in a specified geographic area, which consists of an integral 
number of two to ten states. This arrangement provides reasonable 
geographic proximity of the licensee and the inspector, and at the 
same time, permits the establishment of continuing and useful contact 
both with licensees and interested state agencies. 

A General Inspection Guide was issued, in preliminary form, to 
provide guidance and uniformity of inspection throughout the field 
offices. The Guide has since been revised once and is still used in 
draft form to permit further changes and revision as dictated by 
experience. 

The kinds of operations and of radioactive materials vary from 
those involving small and relatively innocuous quantities to those 
involving large amounts and especially hazardous forms of materials. 
Inspection experience with regard to the various types and kinds of 
operations is being analyzed and studied. As a result, the priorit 
and frequency of inspection are determined by the hazard involved. 
The less hazardous activities are inspected least often, allowing the 
efforts of inspection personnel to be properly focused on these activities 
more deserving of attention, 

Facilities licensees 

The inspection of production and utilization facilities is more 
complex’ than that of the vast majority of operations involving 
licensed use of materials. The inspection of such facilities is con- 
cerned with two principal factors: 

(1) The facility and its material, structural, instrumental and 
control characteristics; and 


84434—59-——_5 


56 RADIATION HAZARDS AND WORKMEN’S COMPENSATION 


(2) The people who operate the facility, their training, organ- 
ization, the operating procedures they follow and their super- 
vision. 

The inspection of production and utilization facilities is performed 
by Washington Headquarters personnel. They officially enter the 
picture upon issuance of a construction permit. However, the extent 
and complexity of many reactor projects are such that it is necessary 
to initiate study from their inception. 

During construction, inspections are made to determine that plans 
and specifications contained in the application for license, and special 
conditions of the construction permit, are being met. As construction 
approaches completion, tests of equipment are reviewed and preopera- 
tional integrated test runs are observed. At this stage, the initial 
trial of operating procedure is possible. 

It is also at this time that the project evolves from a phase of 
‘preparation of a facility’ to that of “the management of a facility.” 

On the basis of such tests and trial of procedure, and on observation 
of the operating organization, its discipline and familiarity with pro- 
cedure, recommendation regarding issuance of license for the operation 
of the facility is made by Inspection personnel. 

When a license for the facility is granted, initial start-up and oper- 
ation are observed. During this period, characteristics of the reactor 
and auxiliaries and the effectiveness of organization and procedure 
are noted and reviewed against the conditions of the license. Infor- 
mation gained from actual operating experience is provided, at this 
time, which is of value to the Commission for evaluating its regula- 
tions. Periodic inspection visits thereafter are made to the operating 
facility, and any findings and recommendations are considered by 
appropriate Commission staff. 

AEC regulation 10 CFR, part 20, “Standards for Protection Against 
Radiation’ defines three kinds of radiation incidents and requires 
that each licensee must report such occurrences to the Commission. 
The definition implies three levels of severity, the first of which is of 
such severity that an immediate report and institution of remedial 
action is required. The other two kinds are in the order of decreasing 
severity and the reporting and investigative requirements, therefore, 
are less stringent. The procedures for investigation of these inci- 
dents are directly referred to the degree of severity and hazard pre- 
sented in each case. 

‘ COMPLIANCE ACTIONS 


Inspection reports of licensees’ operations are reviewed in regard to 
items of noncompliance with Commission regulations or conditions of 
licenses reported by the Commission’s Inspection Division. These 
items are brought to the licensee’s attention formally as a notice of 
alleged violation issued under the Commission’s ‘‘Rules of Practice,” 
10 CFR, part 2. The licensee is given 30 days to reply describing the 
corrective action taken or to be taken to correct the deficiencies stated. 
In cases where, in the opinion of the AEC, immediate danger to the 
public health, safety and interest requires, a temporary suspension 
order may be issued halting those operations involving licensed ma- 
terial deemed hazardous without a previous notice of alleged violation 
having been issued. Following either of these actions an order for 
the licensee to show cause why his license should not be modified, 
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suspended or revoked may be issued and the matter may be set down 
for a hearing. As a result of the hearing procedure a license may be 
suspended, modified or revoked by the Commission. In addition the 
Commission may impose requirements by order upon licensees or con- 
struction permit holders concerning which the licensee may request a 
formal hearing. 


Sscrion 3. Current Stratus or LICENSING PROGRAM 


As of November 1958 there was a total of approximately 6,200 
holders of licenses for the possession and use of source, byproduct, 
and special nuclear material and the construction and operation of 
utilization facilities. Of these, about 4,400 represent byproduct ma- 
terial, 1,500 source material, 240 special nuclear material and 61 
utilization facilities. A breakdown of the material licensees by State 
and a list of facility construction permits and licensees are given in 
appendix C-—1 and C-2 respectively. 

‘rom August 2, 1946, to N cenamiia 30, 1958, approximately 609,000 
curies of byproduct material in over 117,000 shipments have been 
made by the Oak Ridge National Laboratory, the Commission’s 
principal radioisotope supplier, to AEC licensees. The number of 
curies and shipments for various isotopes are given in appendix C-3. 


Section 4. RapraTion SAFETY IN Speciric PROGRAMS 
RADIOISOTOPES 


The largest category of radioisotope licensees are medical institu- 
tions and private physicians. The majority of medical users are 
concerned only with the short-lived radioisotopes, Iodine 131, Phos- 
phorus 32, and Gold 198 for diagnostic and therapeutic use. Diag- 
nostic radioisotope uses are essentially tracer applications and involve 
only microcurie amounts of radioactivity. ven the therapeutic 
applications usually involve low millicurie amounts (10-200 mc.) of 
material per treatment. Medical research programs involve the use 
of microcurie or low millicurie quantities of such isotopes as Ca 
H’, Fe®-®, C'*, S*, Na™, and K®. The radiation exposure potential 
to Sherating personnel is low for this category of isotope use. Small 
amounts of radioactivity are used according to standard, routine 
procedures. Such programs are under the supervision of highly- 
trained, professional persons. 

Sealed sources of various types containing Cobalt 60 and Iridium 
192 are used as interstitial implants for treatment of cancer. The 
level of radioactivity involved is usually in the millicurie range. 
Here, too, the material is used according to strict procedures by radiol- 
ogists. Large amounts of Cobalt 60 are used in teletherapy units for 
treatment of cancer. In this case radiation safety is accomplished 
by built-in protection. The source itself is contained in a properly 
shielded unit equipped with such safety features as lights to indicate 
whether the source is on or off, automatic return of source to shielded 
position in the event of power failure, and provision for manual return 
of source to shielded position in the event of failure of the automatic 
source return system. The facility in which the unit is used is properly 
shielded to control exposure of persons outside the facility and it is 
equipped with safety interlocks to prevent persons from entering the 
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room when the unit ison. The unit is operated according to standard 
procedures under the supervision of a radiologist. 

Industrial licensees constitute the second largest group of isotope 
users. In industry the use of radiation is centered around radio- 
isotopes in sealed sources. ‘The radioisotope is incorporated into a 
container which is sealed in a manner designed to prevent leakage of 
the radioactive material under expected conditions of use, transporta- 
tion and storage. 

Sealed source applications account for about 80 percent of the 
industrial users and include such uses as radiography, various types of 
gaging, luminous markers and oil well logging. A sealed source 
reduces the potential radiation hazard by minimizing the possibility 
of contamination and internal radiation exposure during use. How- 
ever, steps must be taken to control external radiation exposure 
from such sources. Sealed sources vary in size from a few millicuries 
in beta thickness gages, to a few curies for radiography, to thousands 
of curies for irradiators. 

Over 500 firms are licensed to perform radiography with radio- 
isotopes. These firms employ chiefly sealed sources of Cobalt 60, 
Cesium 137 and Iridium 192 in activities ranging from 1-100 curies per 
source. ‘Two methods are used to handle such sources. Sources up 
to 1 eurie of Cobalt 60 or radiation equivalent or other isotopes are 
commonly handled in the open by a remote handling device or “‘fish- 
pole’. Sources up to 100 curies are used in shielded exposure cameras. 

Of the various industrial uses of radioisotopes, radiography presents 
the greatest potential for radiation exposure. Relatively large 
amounts of radiation are being handled, often under constantly 
changing conditions, by persons having a minimum amount of training 
in the principles and practices of radiation protection. Therefore 
each licensee is required to assure that the radiographer is supplie 
and is thoroughly familiar with detailed written administrative and 
operating instructions and with radiation safety control procedures 
which outline step by step his responsibilities and how they are to be 
carried out. 

Industrial gaging is the second large area of isotope use in industry. 
There are about 500 firms using thickness, density, level and composi- 
tion gages containing radioisotopes. A total of over 4,000 of these 
gages are presently in use. Beta thickness gages usually employ 
sealed sources of Strontium 90 or Krypton 85 in activities of 10-20 me. 
and 20-250 me. respectively. Density and level gages usually contain 

amma-emitting sealed sources of Cobalt 60 or Cesium 137 in amounts 
rom 25 mc. to 1 curie. Radiation safety in these applications is 
dependent principally upon “built-in” protection through proper 
shielding, safety interlocks, and reliable sealed sources. — 

There are virtually unlimited uses of radioisotopes for luminescent 
purposes. Strontium 90, Krypton 85 and Tritium are being widely 
used in luminous markers for safety marking in aircraft, mines, ships 
and public buildings; for low level illumination and standard light 
sources. Polonium 210 is used for static eliminators and Nickle 63, 
Cesium 137, Cobalt 60 and Krypton 85 are used in electron tubes to 
improve firing characteristics. Hediktion protection is almost entirely 
dependent upon a reliable sealed source. 

About 100 firms have been licensed to use high level gamma irradia- 
tors containing more than 100 curies of Cobalt 60 or other isotopes. 
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Most irradiators contain kilocurie amounts of Cobalt 60. The total 
amount of Cobalt 60 licensed for this purpose is about 400,000 curies. 
About five firms are licensed to use spent fuel elements for irradiation 
work. Consideration is being given to designing radiators which 
will contain megacurie amounts of Cobalt 60. All of these applica- 
tions involve radiation installations with elaborate shielding, safety 
interlocks and radiation warning systems. Strict radiation protection 
control procedures for operations and emergency plans are necessary. 

Typical routine industrial tracer applications with radioisotopes 
include interface marking in oil pipelines, wear studies, catalyst circu- 
lation in refineries, and chemical process control. Radiation safety 
depends on the use of low levels of short half-lived radioisotopes and 
controlling the concentrations of radioactive material in such a manner 
that negligible concentrations of radioactive material remain in the 
final product. 

Commercial processors and suppliers of radioisotopes and sealed 
source manufacturers handle bulk, curie amounts of long half life 
alpha, beta, and gamma-emitting radioisotopes. Radiation exposure 
is controlled by the use of special facilities to control contamination 
such as ventilated hoods and glove boxes, properly shielded work 
areas, and specific operating and emergency procedures. These opera- 
tions are supervised by techinically qualified personnel. 


University and research laboratory radioisotope programs are quite 
diversified and involve a wide variety of radioisotopes, chemical and 
physical forms, and amounts, However, the typical university = 
— does not usually involve large quantities of radioisotopes. The 


egree of radiation safety control depends on the particular program 
involved but the precautions consist chiefly of careful laboratory 
techniques to control contamination of persons and equipment and in 
some cases localized shielding to control radiation levels and personnel 
exposure. 


SPECIAL NUCLEAR MATERIAL 


As mentioned previously, the potential for significant radiation ex- 
posure is great in the event of accidental criticality. Therefore, in 
working with large quantities of special nuclear material, radiation 
protection depends upon the establishment and continual enforcement 
of strict operating, administrative, and accountability procedures to 
assure that a “critical mass” of material will not be accumulated. 
Personnel involved in such operations must be thoroughly indoc- 
trinated in emergency procedures to be followed in the event of such 
an accident. In addition, the Commission’s regulation, 10 CFR 70, 
requires a radiation monitoring and alarm system when amounts of 
of special nuclear material sufficient to create a critical mass are being 
wt - warn personnel in the area so that appropriate action may 

e taken. 


SOURCE MATERIAL 


In regard to the licensing of source material, the Commission 
recently completed a study of the operating uranium mills which 
process uranium ore into a concentrated uranium product to identify 
areas where significant radiation exposures may be occurring and 
determine what corrective action would be necessary. In general, 
the survey indicated that additional dust and effluent control measures 
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were necessary. Dust control is particularly important in the ore 
grinding and the final product areas. Meetings have been held with 
U.S. Bureau of Mines. U.S. Department of Labor, U.S. Public 
Health Service, the eight Western States in which the mills are located, 
and the companies operating the mills to emphasize the need for further 
evaluation of the radiation safety problems presented by mill opera- 
tions and further regulating controls by which necessary corrective 
action would be required. 

Radiation safety in other operations involving the use of source 
material depends primarily on controlling contamination of equip- 
ment and areas and concentrations of radioactivity in the air during 
such operations as grinding, welding, and melting. Control proce- 
dures for external radiation exposure may be necessary for certain ap- 
plications such as direct handling of sourse material as alloys or 
compounds containing source material. 


FACILITIES 


In the case of reactors and critical experiments, numerous reviews 
during the licensing process. insures that there are adequate safe- 
guards, through the design and operating procedures, to protect 
workers and the public from radiation exposure under routine operat- 
ing conditions. The chief control procedure during routine operations 
is maintaining the release to the environment of reactor coolants, such 
as air and water, within permissible levels. In each case where mainte- 
nance or repair is necessary, the radiation exposure potential can be 
evaluated and specific control procedures established. However, 
significant radiation exposures are possible from credible accidents. 
Even in such unlikely instances, procedures have been established to 
minimize the radiation exposures which might result. 


PART V 
RADIATION PROTECTION TRAINING 


INTRODUCTION 


In the operation of the Commission’s diversified and decentralized 
activities, a variety of radiation hazards are encountered—each with 
its own characteristics. Because of this, the requirements for training 
employees to live with radiation in the day-to-day conduct of their 
jobs are best met by individually styled training programs. 

The bulk of training activity found in the atomic energy program 
is conducted by AEC contractors because it is in contract operations 
that hazards are most frequently present. The contractor employee 
working in the production plant or the research laboratory—if he is 
exposed at all to radiation or if the possibility of exposure exists— 
must know what radiation is and how to work in its presence. 

AEC contractors, therefore, as part of their management respon- 
sibility, develop and conduct training programs best suited for the 
particular hazards associated with their operations. These programs 
are discussed below. 
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Comparatively few AEC employees have duties requiring them to 
work in the presence of radiation. For this segment of its own 
employees, AEC conducts specialized training programs. These are 
summarized following the discussion of contractor training programs. 

In addition to the direct training conducted by AEC for its own 
employees and other governmental groups such as State and municipal 
fire protection agencies, the AEC supports training of State radiological 
health personnel and provides a limited number of fellowships at 
academic institutions for the study of industrial hygiene, industrial 
medicine and related subjects. 

These programs as well as the training activities conducted by other 
Federal agencies on radiation protection will be covered in the final 
portion of this overall section on training. 


SEecTION 1. ProGrams Conpuctep By AEC Conrracrtors 


The training given by contractors during 1957 was designed to pre- 
pare their staves to understand and work with the radiation 
aspects of their jobs. Courses were given to cover: (a) orientation or 
indoctrination in the general subject of what radiation is and the 
problems it poses for the worker; (6) general company rules and 
policy concerning radiation protection; (c) special training for those 
employees who would encounter special hazards in their jobs; and 
(d) programs designed to train health physicists, industrial hygienists, 
radiation monitors and others whose full-time jobs are radiation 
protection. 

Radiation itself occurs in many different types of activities under 
widely varying circumstances, and at all levels of intensity. As a 
consequence, the training needed by workers to understand and work 
with radiation sources can take a number of different forms depending 
on the nature of the problem and the current state of employee train- 
ing. Such training programs do not easily fall into clearly definable 
categories and discussions of them tend to understate the importance 
of such informal training techniques as posters and pamphlets, on-the- 
job experience and the daily instruction and guidance which a super- 
visor gives his employees. Emphasis aor also be placed on the 
importance and effectiveness of policy and administrative procedure 
in assuring safe work practices regarding radiation hazards. Such 
policies and procedures are an integral part of radiation protection 
training. 

In many instances accurate counts cannot be made of the number of 
contractor employees receiving each type of training. ‘Therefore, 
figures given here fall short of indicating the actual total number 
trained in 1957. Also, some training courses of importance given less 
frequently than annually may not have been conducted in 1957 and 
therefore are not taken into account. 

In order to group the courses in a systematic fashion, four categories 
were used, defined in terms of the level of difficulty and scope of each 
course. 

Two levels were used—basic and advanced—and the scope of the 
subject matter divided into a general and a specific category. Since 
the substantive features of the training courses under consideration 
were already limited to radiation safety, hazards and other closely re- 
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lated areas, the general and specific categories were felt to be adequate. 
The four categories are defined as follows: 

Basic general—includes courses designed to orient and/or fa- 
miliarize all employees with little or no prior knowledge of the 
subject of radiation. Examples of courses in this category are: 
“General orientation courses’—given to all employees of a con- 
tractor establishment on a routine basis; and “‘Basic fundamentals 
relating to hazards.” 

Basi: specific—includes training, elementary in its approach 
to the subject, but limited in scope to certain specific areas within 
the subject of radiation. This category includes such courses as 
“Orientation and Van de Graff Machine Work,” “Criticality 
Drills” and “SRE Training.” 

Advanced general—covers training courses in the entire field 
of radiation safety which, in level of difficulty extends beyond the 
elementary level. The substantive elements of these courses 
presume some prior knowledge of the theory and principles of 
radiation protection. Examples of courses in this category are: 
“Advanced Radiation Safety Training,” “Advanced Indoctrina- 
tion,”’ and “Graduate Study in Health Problems.” The instruc- 
tion categorized in this group ranges in duration from 1 or 2 hour 
lectures on theory to as much as 6 months of intensive training. 

Advanced specific—as in the advanced general category, pre- 
sumes some prior theoretical knowledge. These courses, however, 
are limited to specific subjects within the field of radiation pro- 
tection such as: ‘“Technical Squad Training,” ‘Resident Physi- 
cian’s Clinical Training Program,” and “Health Physics and 
Critical Facility Technical Training.” 

The most common form of training offered by contractors was some 
form of basi~ general course given to all employees whatever their jobs. 
These were usually lecture or film presentations, of no more than 1 to 3 
hours duration, giving a brief explanation of what radiation is and 
how its hazards are controlled. In some plants, modifications of this 
type of course are given occasionally as refreshers, 

A wide variety of basic specific courses were given, aimed either at 
special groups of employees or at particular areas of subject matter. 

mployee groups included fire fighters, reactor operators, radiation 
monitors, hot cell facility operators and process operation employees. 
Also many other courses were conducted for departments with special 
problems and for first-line supervisors. These courses generally ran 
15-20 hours per employee and are given once as a unit, or split into 
short components and spread over the work year. The curriculum 
of an illustrative course in this category offered to supervisory per- 
sonnel in an irradiation processing department covered the following 
subjects: radiation physics, radiation dosimetry, biological aspects 
of radiation, the monitor’s job, measuring and detecting equipment 
interpretation of instrument readings, monitoring techniques, control 
of access to radiation, control of radioactive contamination, permanent 
radiation records, protective clothing and the exposure records 
pré gram. 

Basic specific courses were also conducted on radiation problems 
related to such subjects as industrial toxicology, nuclear engineering, 
criticality drills and detection instruments. 
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Advanced specific courses were designed to cover much the same 
area of subjects as the basic specific except that instruction was nor- 
mally more complex, more detailed and of greater duration, runnin 
25 to 30 hours each. These include such special courses as industri 
ventilation problems, damage control and exposure counting statis- 
tics. An example of a course in this category is one offered by a pro- 
duction contractor to its 20 monitors in the field of mathematics. 
Basically the course—given by Health Physicists—consists of classes 
and problem assignments in algebra, exponents and trigonometry to 
provide necessary facility in radiation computation. 

The most comprehensive courses normally offered by contractors 
in radiation protection were the advanced general courses provided to 
train the health physicist, industrial hygienists, monitors and others 
whose full-time job is radiation protection. Also included in this 
category are the numerous short seminars and conferences designed 
to keep the professional radiation protection experts current on i al 
or other developments. An example of training in this category 

iven to employees of a laboratory was a series of Health Physics 
Sedninans. hese included lectures presented by Health Physics 
Department employees and guest speakers and discussion sessions of 
general safety, biological effects of radiation, analysis of exposure 
standards, health physics instrumentation and legal aspects of radia- 
tion injury. 

Approximately 6,900 employees attended training courses beyond 
the basic general level conducted by AEC contractors during 1957 
(total employment of the contractors included in the survey was 
approximately 78,000). Our review did not assemble data as to the 
total number of employees receiving the basic general courses. These 
courses are given more or less routinely to all new employees and in 
some instances repeated as deemed desirable for old employees. 
The review did, however, include reports on 16,840 persons’ attend- 
ance at such courses, a number well below the actual total attendance. 

As indicated above the greatest majority of training activity was 
in the basic general category. Sixty-two courses reviewed were of 
this type. Basic specifie training accounted for twenty-six courses 
given to 4,400 employees while 1,100 employees were trained in a total 
of 21 advanced general courses. Advanced specific training was given 
to oes employees in 30 courses. These statistics can be summarized 
as follows: 


The great majority of training programs in radiation protection is 
the responsibility of a full-time professional health protection unit or 
specialist. These units may have such titles as “Industrial Hygiene 

ivision,” “Radiation Safety Division,” ‘Health Physics Depart- 
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ment,” “Safety Department,” etc. These organizational units or 
specialists are also the ones who actually conduct the training. 

In some instances, line supervisors are given the sespensibilit to 
train their employees in radiation protection. Normally these super- 
pe can call on health physics specialists to conduct the training 
or them. 


Section 2. ProGrams ConpuctTep By AEC ror Its Own EMPLOYEES 


As indicated above a small percentage of AEC employees have duties 
requiring them to work in the presence of radiation. By and large 
the employees in this category are engaged in some aspect of fire pro- 
tection, police protection, courier or monitoring activities. The Com- 
mission’s responsibility for providing such services necessarily entails 
the responsibility for training. 

Radiation protection training is given as part of the overall training 
of new firemen. The scope is generally broad, encompassing at a basic 
level, radiation and its effects. Each course is then tailored to suit 
the needs of the participants both in level and subject matter. For 
example, firefighters at the Idaho Operations Office and Los Alamos, 
N. Mex., are taught, as a part of their basic indoctrination, how to 
deal with the hazards of fighting fires where radiation may be present. 
In addition, for the past several years, the AEC has used the facilities 
of the Naval Structural Fire Fighting Schools at Norfolk, Va., and 
San Francisco, Calif., to conduct instructor training courses in the 
fire protection problems of the atomic energy industry. These courses 
are intended to improve the level of fire protection at AEKC-owned 
facilities. A large portion of the course material is devoted to the 


relationship of the radiation hazard to the industrial fire protection 
problem. Approximately 175 key fire per sa personnel represent- 


ing AEC and AEC contractor installations have attended these 
courses. 

The greatest number of AEC employees who participate in radiation 
protection training are those engaged in plant protection or police 
activities. For example, security employees at Los Alamos including 
those who‘provide police protection services to the community, receive 
radiation safety imstruction as a part of their basic training and 
refresher courses are given to all members on a routine basis. 

‘ The Oak Ridge and Idaho Operations Offices conduct a radiation 
hazard training course for all guards assigned as couriers to escort 
shipments of radioactive material. Supervisory personnel are given 
special training over and above that given to guards. 

Health Physics employees assigned monitoring function at Idaho 
receive, in addition to necessary on-the-job training, specialized courses 
in such subjects as internal dosimetry and electronic instrumentation. 

During calendar year 1957, over 500 AEC employees participated in 
eleven radiation protection training courses of the sort described 
above. In most cases the subject of radiation was not given as a 
separate course but included in comprehensive training programs such 
as those designed to equip firefighters and policemen for their regular 
jobs. The duration of the courses varies in length. The compre- 
hensive “basic training” type of program necessarily is longer, some- 
times covering several months of lectures, seminars, practical applica- 
tion and on-the-job training. The more specialized courses and those 
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designed as “refreshers’’ were considerably shorter, averaging about 
6-8 hours per year. 


Section 3. Programs Conpuctep By AEC ror OrTHer THAN Its 
Own EMPLOYEES 





The AEC has, since January 1957, conducted training courses for 
instructor personnel of state and municipal fire and police services. 
Specific types of problems are discussed. Guidelines are provided to 
assist these departments in readjusting and applying their normal 
operating procedures to fighting fires or to carrying out police activi- 
ties in the presence of radiation sources. The course, which is taught 
in language suitable for men without formal scientific training, equips 
the instructor student to carry on a program for his own organization. 
A number of media are used to keep in touch with those who.complete 
the course and to keep their information up-to-date. 

The Commission provides all trainmg materials; the local sponsor 
provides training facilities. Those nominated to attend the course are 
selected in close cooperation with the local sponsor.. Local sponsors 
have included state departments of vocational education, state di- 
visions of safety, municipal police departments, municipal fire depart- 
ments and state universities as well as others. 

The courses are generally of three days duration. To date 40 
courses have been presented in 22 States, and approximately 1,200 
instructors have completed the course. 

The AKC also provides assistance in the form of training aids and 
publications to groups of all kinds interested in radiation protection 
training. A limited number of publications are available without 
charge to anyone who requests them and orders for larger quantities 
are available for sale by the Government Printing Office. A series of 
slides has also been developed for use in conjunction with the course 
offered to municipal fire-fighters and is available for sale through com- 
mercial sources. 





Section 4. AEC Suprportep TRAINING PROGRAMS 


SPECIAL FELLOWSHIPS PROGRAM 
















The Commission offers special graduate fellowships in the field of 
radiological physics, industrial hygiene, and industrial medicine. 
Fellowships in radiological physics and industrial hygiene are ad- 
ministered for the Commission by the Oak Ridge Institute of Nuclear 
Studies, Oak Ridge, Tenn. The industrial medicine fellowships are 
administered by the University of Rochester Atomic Energy Project, 
Rochester, N.Y. Since 1955 about eight appointments have been 
made each year in the industrial hygiene and eight in the industrial 
medicine programs; since its beginning in 1948, over 400 fellows have 
studied under the radiological physics program. 

The Radiological Physics Program is designed to train college grad- 
uates for positions in the profession of radiological physics by pro- 
viding fundamental knowledge in radiation physics and biophysics, 
interaction of radiation with matter and living systems, dosimetry, 
electronics, and instrumentation, some understanding of the prin- 
ciples of permissible exposure and the prevention of undesirable 
exposure, and an introduction to the legal and public relations aspects 
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of radiation protection. Rapidly expanding use of nuclear energy 
and byproducts has created a wide demand for people qualified in 
the field. Fellows spend an academic year at their assigned uni- 
versity and then go directly to the corresponding Atomic Energy 
Commission laboratory for three months of practical training. The 
universities and laboratories in the program are: Vanderbilt Univer- 
sity, Nashville, Tenn., and Oak Ridge National Laboratory; Univer- 
sity of Rochester and Brookhaven National Laboratory; University 
of Washington (Seattle) and Hanford Atomic Products Operation; 
and University of Kansas and Hanford Atomic Products Operation. 

The Industrial Hygiene Program is designed to train college grad- 
uates not only in the new and complex problems which have resulted 
from the development of nuclear energy but from other contemporary 
problems. Atomic Energy Commission installations and the nuclear 
industry encounter many of the industrial hygiene problems found in 
other industries and, in addition, deal with a variety of unique prob- 
lems. The field now includes the study and control both of the more 
common occupational diseases and of such other environmental factors 
affecting employee health as radiation, heat, fatigue, and mechanical 
hazards. The industrial hygienist applies his special knowledge to 
the identification and control of health hazards associated with plant 
or laboratory operations. Starting with the raw materials entering 
the plant, he observes processing and production methods to identify 
potential hazards. Then, using a variety of methods he determines 
the level of toxic substances present in the working environment. 
Finally, with the cooperation of those responsible for the operation, 
he develops methods to control or eliminate the hazard. Course 
work varies with the university selected and with the interests and 
undergraduate preparation of the individual. All fellows are required 
to take courses in public health and biostatistics; fellows may elect 
courses dealing with engineering, health physics, toxicology, indus- 
trial medicine, and related fields. These courses are offered under 
the AEC program by the University of Pittsburgh Graduate School 
of Public Health and the Harvard University School of Public Health; 
University of Cincinnati, Institute of Industrial Health. 

The Industrial Medicine Program consists of an academic year 
with lecture and laboratory instruction in the practice of industrial 
medicine, industrial hygiene, industrial toxicology, nuclear physics 
biophysics, biostatistics, and the public health aspects of occupation 
medicine. This is followed by an in-plant year with assi ent to one 
or more of the medical departments of the major operating plants and 
laboratories under the direction of the Atomic Energy Commission. 
In-plant training is given at Oak Ridge; Los Alamos, N. Mex.; Rich- 
land, Wash.; and other areas where there are major industrial medical 
units. 

STATE ASSISTANCE PROGRAM 


In cooperation with State health authorities, the Commission has 
rovided this past year for qualified state employees engaged in radio- 
ogical health activity in connection with atomic energy activities in 
their States to attend courses offered under the Commission’s program 
of training in radiation control. During the fall semester and con- 
tinuing through the current academic year, four State personnel are 
attending a course in radiation control at the School of Public Health 
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of the University of Michigan. The Commission is offering one year 
courses including in-plant-.training at one of the Commission’s in- 
stallations where the trainees may participate directly in the daily 
operations at the plant and gain practical knowledge of radiation 
control. This program will be expanded during the coming years 
to include more trainees and additional training centers. 

Plans are also being developed, in cooperation with the U.S. Public 
Health Service for a shorter program for State employees to condense 
a year’s training into two months of intensive coursework and one 
month of field work. This program is planned to fulfill a demand for 
a shorter period of training, but it is in no way considered to be a 
aan for the longer and more comprehensive training described 
above. 


Secrion 5. OrHEeR FEDERALLY SuPpPORTED TRAINING 


The extent of training activity conducted or supported by other 
Federal agencies on radiation protection and safety is difficult to de- 
termine. ‘This is so because the primary objective of a great deal of 
the non-AEC training is not usually radiation protection, but rather 
a related subject of which radiation training is only a part. Thus, 
that portion of any particular course devoted to radiation cannot 
always be isolated without intensive analysis. This we have not 
attempted to do. 

This is especially true of the military establishments, particularly 
the training conducted by the Army and the Navy. The efforts of 
these two departments are directed toward the needs of the military 
in the conduct of tactical and defensive warfare. Both services con- 
duct extensive radiological warfare courses (in addition to the basic 
orientation courses for all servicemen) for officers and key noncom- 
missioned officers whose duties contemplate a line or staff responsi- 
bility in the field of atomic warfare or the use of atomic energy in the 
day-to-day conduct of their jobs. An example of this type of training 
is a course offered by the Army Chemical Corps to train officers of all 
services in chemical, biological, and radiological warfare and a course 
offered by the Navy to train personnel who will be serving as crew 
members of nuclear-powered ships. The Department of the Army, 
Corps of Engineers, also offers dadialion protection training to enlisted 
men of all services who participate in the 48 week Nuclear Power 
Plant Operator’s Course. 

In addition to these military courses, the Office of Civil and Defense 
Mobilization conducts training in defense against atomic attack. The 
substance of this training, however, is not orientated towards the 
problems of radiation in industry but rather towards the problems 
the general populace would face in a civil defense emergency. In 
this sense it is similar to the training given by the military services 
and therefore not covered in this report. 

As indicated above, non-AEC training in radiation hazards and 
radiation protection is varied and in many cases, the subject of radi- 
ation is only a part of a more comprehensive program. The activities 
covered below are, therefore, not intended as a complete survey of all 
training, but merely a review of those activities which are related to 
the industrial, environmental, or operational problems experienced by 
AEC and its contractors or in which the AEC has a direct interest, 
such as the licensing program. 
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DEPARTMENT OF LABOR 


The Bureau of Labor Standards, U.S. Department of Labor, has 
developed a training course in radiation fundamentals. This course 
will be offered to the State Departments of Labor for the purpose of 
indoctrinating State factory inspectors. This is an elementary course 
stressing basic concepts of atomic structure, radiation uses and control 
measures. It is not designed to qualify State factory inspectors as 
health physicists or t tileeiaant technicians. It is designed to give 
the State factory inspector an appreciation of the problems. The 
amount of activity by the Department in this area will be limited 
due to staff limitations. A pilot course has been conducted, however, 
for the factory inspectors of one State and plans are now being made 
to present the course to several other State factory inspector groups. 





DEPARTMENT OF COMMERCE 






















The Maritime Administration of the U.S. Department of Commerce 
offers courses designed to familiarize Merchant Marine personnel with 
the problems of radiation. One course conducted by Naval person- 
nel, at Naval installations, is given to licensed officers of the active 
American Merchant Marine and is designed to train these officers in 
firefighting and damage control as related to atomic, biological, and 
chemical defenses. This same course is also given to cadet students 
at the U.S. Merchant Marine Academy. Another course offered b 

the Maritime Administration is a full time, 15 month course, in a 

aspects of radiation given to 16 prospective officers of the N.S. Sa- 
vannah, the first U.S. nuclear-powered merchant ship. By 1960 the 
balance of the ship’s crew (100 members) will have received approxi- 
mately 40 hours of radiation-health physics training. 


DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 





The Department of Health, Education, and Welfare conducts exten- 
sive training activities at the Robert A. Taft Sanitary Engineerin 
Center (RATSEC) in Cincinnati, Ohio. Most of the radiologica 
health training is implemented through the resident and field courses 
conducted by the staff of that institution. 

During fiscal year 1958, fifteen course sessions were presented at the 
Robert A Taft Sanitary Engineering Center in Cincinnati, Ohio, in 
basic radiological health, occupational radiation protection, detec- 
tion and control of radioactive pollutants in air and water, sanitary 
engineering aspects of nuclear energy, environmental health aspects 
of nuclear reactor operations, radiological defense monitoring, and 
radiation protection aspects of tuberculosis X-ray case finding. 

Among the 351 trainees in attendance were a large number of the 
leading scientific personnel in radiological health work, including per- 
sonnel from operations offices of the AEC, several of the AEC National 
Laboratories, key health staff members from industrial groups con- 
structing power reactors, active and reserve personnel of the Army, 
Navy and Air Force, personnel from other Federal agencies, civil de- 
fense groups, State and local health agencies and radiological health 
personnel from foreign countries. 

In addition, radiological health training has been incorporated into 
other courses in water, air, milk, and food fields, presented at SEC. 
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About 10 percent of the total course time is devoted to brief coverage 
of the radiological health aspects in these specific fields. The Radio- 
logical Health Training staff assists in these other training program 
areas by preparing training materials and conducting lectures. 
Twelve course sessions were also presented in the field, with 766 
trainees in attendance. Two courses, held in Oregon and California, 
were presented for State agencies, and one special orientation course 
was developed and presented in Washington, D.C. 

In addition to the regular programs of RATSEC, fiscal year 1959 
plans include a number of seminars devoted to the medical aspects of 
radiological health. 


PART VI 
RADIATION EXPOSURE, INJURY, AND COMPENSATION 


INTRODUCTION 


In this final part of the report, sections 1 and 2 attempt to relate 
radiation exposure and its associated problems to workmen’s compen- 
sation laws and their administration. In addition, two of the Com- 
mission’s consultants in the field of biology and medicine have 
prepared papers presenting their views on the subject. These are 
included in appendix D. 

Section 3—prepared especially for this report by the Bureau of 
Labor Standards, of the U.S. Department of Labor—provides. a 
comprehensive and detailed analysis of the workmen’s compensation 
laws as they relate to radiation injuries. Section 4 discusses the 
measures which the Commission has found it appropriate to take to 
overcome—insofar as its contractors’ operations are concerned—some 
of the principal statutory deficiencies in State laws discussed in detail 
in section 3. 

Section 5 summarizes the injury compensation and overexposure 
experiences of the Commission in its contract operations; and section 6 
summarizes data that under existing regulations are reported to the 
Commission concerning personnel exposures occurring in licensee 
operations. 


Section 1. ProstemMs or WorKMEN’s CoMPENSATION RELATED TO 
RADIATION Hazarps 


INTRODUCTION 


Interest in questions of possible effects of radiation exposure on 
health of occupational workers has raised a number of questions re- 
garding the adequacy of existing provisions for compensation of workers 
in cases of injury or disease which might arise from cooupareee. ex- 
posure to radiation. Some of these questions appear at first sight to 
be peculiar to the hazards of work with radiation, while others are 
obviously. basic to much broader considerations, 

It would appear axiomatic that any proposal for incorporation of 
any specific provision in existing workmen’s compensation programs 
should be judged against the broad intent of the overall compensation 
program. It follows that the first step in determining the extent to 
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which existing provisions for workmen’s compensation may be defi- 
cient in the field of radiation protection is to consider and to agree, 
in so far as is possible, what are or should be the objectives of work- 
men’s compensation in the general field of health and disease. How- 
ever, as will be demonstrated in the following discussion, any realistic 
statement of objectives must take into account limitations in one’s 
ability to relate specific cases of many diseases to specific causes or 
origins. 

Like many legal codes dealing with social and economic relation- 
ships, workmen’s compensation in the United States is an organic 
structure which has been shaped not only by revisions of the written 
law, but by interpretation and administrative practice. Because 
workmen’s compensation programs are provided and administered 
at the state level, there is considerable variation in provisions and 
practices from one state to another. Generally, however, similari- 
ties of program are more pronounced than are differences. 

Independently of any consideration of occupational exposure to 
radiation, the present state of development of-workmen’s compensa- 
tion involves administrative and technical difficulties which are in- 
herent in the relationship between the health of man and his total 
environment. Because these problems involve elements which are 
more familiar than their counterparts in the field of radiation hazards 
it will be helpful to consider first in some detail certain general and 
nonradioactive aspects of workmen’s compensation. In this way it 
is hoped that consideration of any problems of workmen’s compensa- 
tion which are peculiar to radiation hazards can be greatly simplified 
by isolating these from the problems common to other areas of health 
and disease, 


GENERAL ASPECTS OF WORKMEN’S COMPENSATION 


One approach to an understanding of workmen’s compensation in 
the United States is through a review of its historical development. 
Until the beginning of the 20th century there were no laws dealing 
specifically with the question of compensation of an employee for 
any type of injury resulting from or associated with his employment. 
It is fair to say prior to that time any normal occupational risk was 
considered to be assumed by the employee and covered by the wage 
which he received. The first law providing specifically for com- 
pone of workers in the case of occupational injury was adopted 

y the Federal Government in 1908 and applied to Federal Civil 
Service employees. Three years later 10 states enacted workmen’s 
compensation laws. 

Early legislation and interpretation were primarily concerned with 
compensating the employee for injury in which the employer could 
be show to be “at fault.” Generally, such provisions did not cover 
injury due to negligence either of the injured employee or of a fellow 
employee. With due allowance for variations among various States, 
it may be observed that coverage and interpretation of workmen’s 
compensation laws have evolved more or less chronologically through 
the following steps: 

(a) Provision of compensation when employer was shown to 
be at fault. 

(6) Provision of compensation when fellow employee was 
shown to be at fault. 
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(c) Provision of compensation in cases of injury in which no 
one was found to be at fault. 

(d) Provision of compensation in cases of injury involving 
negligence on the part of the injured employee. 

(e) Provision of compensation for disease (e.g., silicosis) 
directly attributable to: conditions of work. 

(f) Provision of compensation for diseases of which the severity 
was related to or aggravated by conditions of work. 

Through the steps enumerated above, workmen’s compensation 
has, in the majority of the states clearly evolved from the position 
of protecting the workman from fault or negligence on the part of his 
employer in failing to provide “safe” working conditions to the posi- 
tion of providing insurance against all oecupational hazards. A 
number of factors, some of which are discussed below, account for 
pressure for continuing evolution through the following step: 

(g) Provision for compensation of any “occupationally con- 
nected” injury, disease or disability, including cases in which the 
occupational connection may involve only the possibility that a 
disease may have been caused or aggravated by conditions of 
work. 

Administration of a workmen’s compensation program involving 
either of the provisions designated (f) and (g) above, involves a basic 
difficulty inherent in the nature of health and disease. This is the 
problem of determining whether or not a particular illness or disa- 
bility is in any way connected with the worker’s occupational experi- 
ence. For example, in a situation in which an individual is incapaci- 
tated by or dies of a heart disease, although his employment may have 
involved no known physical or mental strain of unusual severity, 
application for compensation may be made on the grounds that even 
the normal activities and tensions of employment may have con- 
tributed to the disease. Since, in such a case, it is impossible for a 
physician to determine whether or not the disease resulted from or 
was aggravated by conditions of work, the compensation board 
considering the case must either take the risk of failure to compensate 
the workman for injury arising from his work by denying the claim or 
take the risk of paying the workman for an injury which did not occur 
in connection with his employment. 

Not only do workmen’s compensation laws generally provide broad 
administrative discretion but they may specifically provide that the 
worker shall be given the benefit of doubt. Application of this 
principle to a case such as that discussed above provides a strong 
pressure for the administrative agency to award compensation in the 
event of any injury or disease to which the worker’s employment 
might conceivably have contributed. However, unless this interpre- 
tation is specifically provided by law, provisions such as (f) and (g) 
above, provide a situation in which the adjudication of the claim 
frequently cannot be based upon faet, but is decided on the basis of 
the personal reactions of the adjudicators. Provisions of this sort are 
basically unsound and unjust to employees, since they do not provide 
uniform disposition of claims. 

The difficulties discussed above are more serious than they may 
appear to be at first sight. The factors involved in health and 
disease are sufficiently complex that it is essentially impossible to 
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state categorically that any disease or illness could not have been 
influenced by one’s occupational history. Certainly such diseases as 
ulcers, psychosomatic disturbances and mental illnesses could not be 
excluded. Contagious and infectious diseases, such as polio or 
tuberculosis would be included because the worker’s opportunity to 
pick up such diseases may occur on the job. 

Respiratory ailments in general may be included on the theory that 
one cannot be certain that some occupational factor, known or un- 
known, bas not contributed directly by irritation of the respiratory 
system or indirectly by reducing the worker’s natural resistance to 
disease. In fact, with the continuous introduction of new factors 
into the occupational environment—new materials possibly involving 
unknown degrees of toxicity, more complex working conditions in- 
volving new nervous stresses, greater specialization altering patterns 
of physical activity—it is generally impossible to say categorically 
that disease in any employee may not have been undesirably influenced 
by his occupational environment, 


DISCUSSION OF ALTERNATIVE APPROACHES 


If we accept the fact that workmen’s compensation laws and prac- 
tices in many states are basically unsound because they provide 
compensation for diseases under conditions which cannot be identified 
by medical science, our next step is to consider possible alternative 
provisions. Only two alternatives relatively free of these difficulties 
are apparent. One of these is to return to the position of providing 
compensation only for those diseases, such as silicons, lead poisoning, 
etc., which can with a high degree of confidence be determined to be of 
occupational origin. However, since a-return to this stage in the 
evolution of workmen’s compensation would be contrary to modern 
social trends, any proposal to adopt this alternative is unlikely to 
meet with favor. 

A second alternative, one which would completely eliminate the 
administrative problem of determining whether or not the disability 
is occupationally connected, is to provide automatic compensation for 
all diseases, regardless of origin. In effect, such an extension of the 
coverage specifically provided in workmen’s compensation laws would, 
in addition to providing compensation for all injury, disease and disa- 
bility of occupational origin, provide the workman with health insur- 
ance covering all diseases and disabilities not occupationally connected. 
A logical and‘ equitable extension of such a provision would be, of 
course, to provide the same coverage of disease and disability to per- 
sons who do not currently come under the provisions of workmen’s 
compensation ; that is, to members of the population at large. While 
this alternative may be in the direction of social trends, it is perhaps 
too advanced to receive acceptance at the present time. Assuming 
strong objections to either of the alternatives discussed above, the 
possibility of other more acceptable alternatives need to be explored. 

Because of the nature of health and disease, any effort to provide 
compensation for occupationally connected disease without providing 
benefits for nonoccupationally connected diseases is a compromise. 
Between the two alternatives discussed above, various degrees of 
compromise are possible. The discussion here is limited to a very 
few possibilities which may be applicable to the more specific subject 
of compensation for radiation injury. 
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While for many types of disease it is generally impossible for a 
physician to determine with certainty whether or not a particular 
case of the disease may be occupationally connected, he may fre- 
quently be able to make some estimate of the probability that a par- 
ticular case is occupationally connected, Intuitively one may feel 
that if there were a high probability that the occurrence or severity 
of the disease were due to occupational conditions compensation 
would be justified; whereas if there were a low probability of any con- 
nection with occupational conditions compensation could not be 
justified. The ability of compensation boards to arrive at equitable 
disposition of claims of this nature would be enhanced if the law pro- 
vided specific guidance. For example, the board might be directed 
to grant compensation in those cases in which it found that the prob- 
ability of occupational cause is greater than 50 percent, 25 percent, or 
any other amount which the law might specify. .To be meaningful, 
specific guidance of this sort would require deletion of any qualitative 
provision that the worker be given the benefit of doubt. In effect, 
the use of any number less than 50 percent in specifying the probabil- 
ity considered to justify compensation is a statement of the degree to 
which the worker is to be given the benefit of doubt. 

The suggestion made in the preceding paragraph assumes that the 
compensation board with the aid of appropriate consultants can esti- 
mate with some degree of reliability the probability that a particular 
case of disease or disability is occupationally connected. In a par- 
ticular case, this may or may not be true. To the extent that the 
estimate of one expert or group of experts may differ from that of 
another, this approach to the problem will still fall short of one of the 
objectives of a satisfactory compensation program—uniform disposi- 
tion of claims. For certain types of cases, it 1s possible to substitute 
to some extent the collective judgment of persons expert in various 
fields of occupational health and disease for that of individual com- 
pensation boards or their consultants. These are the cases involving 
those phases of occupational health for which there exist accepted 
— and standards—the guides which form the basis for industrial 

ygiene. 

“To define more clearly the relationships involved, it may be ob- 
served that the standards of industrial hygiene are intended to reduce 
hazards to the worker from exposure to toxic materials and to poor 
environmental conditions, such as extremes of temperature and humid- 
ity, excessive noise, poor ventilation, improper lighting, etc., to 
levels which are small in comparison with those hazards of everyday 
life commonly accepted by the average individual on a more or less 
voluntary basis—hazards encountered in the home, in recreational 
activities, and in daily movement from one activity to another. 
Whether or not any particular standard of industrial hygiene entirely 
eliminates the hazard which it is designed to control is a question which 
generally cannot be answered. If large quantities of a certain mate- 
rial taken into the body are found to be injurious, how can one be 
certain that smaller quantities, even though they produce no directly 
observable effects in large numbers of sadridieals, do not produce 
injury too small to detect? However, from the point of view of work- 
men’s compensation, if one is seeking a compromise between a position 
in which only diseases which can be definitely diagnosed as of occupa- 
tional origin are subject to compensation and one in which all diseases 
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and disabilities, regardless of origin, are subject to compensation, the 
standards of industrial hygiene may provide a basis for such a com- 
— in certain areas of occupational health. For example, it is 

nown that chronic exposure to high concentrations of benzol or 
benzene are likely to produce aplastic anemia, frequently leading to 
leukemia. Let us suppose that an individual, whose occupational 
duties have involved exposure from time to time to small concentra- 
tions of benzene, has contracted leukemia and made claim for compen- 
sation on the basis of occupational connection. It is well known that 
leukemia is a disease which occurs from other causes than exposure to 
benzene. If investigation of the case shows that concentrations to 
which the worker has been exposed have not exceeded the currently 
accepted industrial hygiene guide of 35 parts per million of air, the 
compensation board may be justified in concluding that it is unlikely 
that this particular case of leukemia was, in fact, a result of occupa- 
tional exposure to benzene. Inasmuch as the effects of a particular 
hazardous material may be highly dependent upon both maximum 
transient exposures and cumulative or chronic exposures, the formula- 
tion and interpretation of such provisions require the services of 
persons well informed in the field of industrial diseases. 

To avoid any possibility of misunderstanding at this point, it is not 
implied in the preceding discussion that one can in general determine 
by the use of industrial hygiene standards whether or not a particular 
case of a disease may have resulted from occupational conditions. 
The discussion does assume that if occupational conditions have con- 
formed to the intent of industrial hygiene standards, insofar as they 
apply to the disease in question, the probability of a particular case of 
the disease having resulted from occupational conditions is sufficiently 
low that it may provide an equitable basis for limiting workmen’s 
compensation short of complete coverage of disease and disability from 
all causes. : 


Secrion 2. APPLICATIONS OF WORKMEN’S COMPENSATION PRINCIPLES 
To Rapiatron Hazarps 


INTRODUCTION 


For the most part, the problems of application of workmen’s com- 
pensation to possible diseases resulting from. occupational exposure 
to radiation are similar to those discussed in section 1 in connection 
with certain types of heart disease and other. diseases not specific to 
occupational factors. It is possible as the result of an accident for a 
workman to receive sufficient exposure to radiation to die as an im- 
mediate result. Within the past 15 years, two persons in the United 
States have died as the direct result of accidental massive exposure, 
and in November of 1958, one person was reported. to have died as 
the direct result of accidental exposure to radiation in Yugoslavia, 
Cases such as these present no problem from the point; of view .of 
workmen’s compensation, since they involve no questions as to the 
cause of death. 

During the past 15 years twenty-three other persons in-the United 
States Atomic Energy Program have been accidentally exposed to 
sufficiently large doses of radiation to justify hospitalization over 
periods of several days or weeks. ,..As far as can be determined from 
physical examinations, none of these persons suffered more than 
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temporary incapacitation except for two cases of lens opacities. 
Compensation for such incapacitation, involves no great difficulties, 
although there might be some uncertainty in evaluating such factors 
as Sane sterility and the psychological impact of the attention 
currently given to such incidents. 

In addition to the immediate or early effects of exposure to very 
large doses of radiation, from which complete recovery may be 
expected, there exists the possibility of certain long-range effects 
which, from the point of view of workmen’s compensation involve 
all of the problems characteristic of heart diseases and other diseases 
not specifically related to occupational-hazards, as discussed in sec- 
tion 1. The principal diseases or effects of interest in this connection 
are: (1) leukemia, (2) aplastic anemia, (3) cancer, (4) reduction in 
life expectancy, (5) genetic effects in descendants and (6) local effects. 


LEUKEMIA 


While it is believed that a person who has received a whole body 
radiation dose of several hundred roentgens and survived has a greater 
peRpOneaee of contracting leukemia in subsequent years than if he 

ad not been exposed to the radiation, if he does in fact contract 
leukemia, it is impossible to determine whether this particular case 
of leukemia resulted from the radiation or would have occurred in 
any event. 
ata on the occurrence of leukemia among survivors of the bombing 
of Hiroshima and Nagasaki and among persons given massive X-ray 
doses in the treatment of ankylosing spondylitis would suggest, ac- 
cording to testimony by E. B. Lewis before the Joint Committee on 
Atomic Energy,® that recovering from an accidental whole body dose 
of 500 roentgens of radiation would have a resultant risk of about one 
chance in 1,000 of contracting leukemia during each subsequent year. 

By comparison, the risk for persons not exposed to large doses of 
radiation varies from about one in 40,000 at age 30 to about one in 
4,000 at age 70. While the risk of leukemia from an acute radiation 
dose of 500 roentgens is not great, it would appear that, if leukemia 
were to develop, for example, at the age of 30, after such an accident 
involving a whole body radiation dose of this magnitude, the leukemia 
would most likely be a result of the accident. ore quantitatively, 
if one assumes the relationshi oposed by Lewis, the average chance 
that leukemia at age 30 eneL fare resulted from the accident would 
be 39 out of 40, while at age 70 it would be three out of four. 

In the event of a claim based on a case such as that described above, 
it may well be expected that a compensation board (if convinced that 
the quantitative estimates presented here are correct) in giving the 
claimant the benefit of the doubt would assume that the leukemia 
was indeed a result of the accident. 

In the event of leukemia following accidental exposure of the blood- 
forming tissues to a. much smaller dose of radiation, the difficulty in 
relating the leukemia to the exposure is a much more difficult one. 
Not only is the probability of leukemia from large doses of radiation 
Gane to decrease with decrease in the size of the dose, but many 
persons believe that there are radiation doses below which there is no 
effect on the probability of leukemia or below which the effectiveness 


P ° “The Nature of Radioactive Fallout and Its Effects on Man,”’ hearings before the Joint Committee on 
Atomic Energy, May 27-June 7, 1957. 
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drops off much more rapidly than the reduction in dosage. The 
largest dose below which leukogenic effect might occur is commonly 
called a threshold dose for the production of leukemia. Other persons, 
extrapolating from certain genetic observations, have suggested that 
it may be possible that any dose of radiation, no matter how small, 
to the blood-forming tissues confers a proportionately small probability 
of leukemia. 

A relationship in which the production of an effect is proportional 
to the causative agent is commonly called a linear relationship, because 
a graphical representation of the relationship results in a straight line. 
Perhaps the strongest argument for a linear relationship between 
radiation dose to the blood-forming tissues of the body and the re- 
sultant probability of leukemia is that given by Prof. E. B. Lewis, 
“Leukemic and Ionizing Radiation,” Science, pages 965 ff., May 17, 
1957. 

More specifically, the hypothesis supported by Lewis is that any 
radiation dose to the total blood-forming tissues of the body confers 
a proportional probability, in each subsequent year of life of leukemia. 
Taking into consideration available data on mereased incidence of 
leukemia as a result of exposure to large doses of radiation, he esti- 
mates the probability to be 2 x 10~* per roentgen per year. If the 
hypothesis and the quantitative relationship proposed by Lewis are 
correct, a person exposed to a whole-body dias of 5 roentgens would 
result in a probability of one chance in 100,000 of contracting leukemia 
during each subsequent year. If he lived for thirty years after the 
exposure occurred, the corresponding probability of his contracting 
leukemia as a result of this particular exposure would be three chances 
in ten thousand. 

Some of the evidence contrary to a linear relationship between 
radiation dose and resultant production of leukemia has been sum- 
marized by Dr. Austin M. Brues, in an article, ‘‘Critique of the Linear 
Theory of Carcinogenesis.””" Two of the four conclusions stated by 
Dr. Brues in his summary are: 

“(1) Present data on human leukemogenesis by radiation fail to 
indicate a linear relation between dose and effect. Because data are 
scanty, such a hypothesis cannot be ruled out statistically, but it is 
less probable than a nonlinear or threshold relation. 

“(2) Other instances’in which carcinogenic agents have been ex- 
amined from the standpoint of dose and dose-rate relations show many 
clear instances where the relation is nonlinear and none in which 
linearity is unquestionably demonstrated.” 

It is outside the scope of this discussion to debate the relative 
merits of various hypotheses relating the probability of leukemia and 
other malignant diseases to irradiation of the tissues involved. Both 
the article by Lewis and the article by Brues provide extensive refer- 
ences which may be pursued by serious students of the subject. 
Certain aspects of the subject are, however, of direct interest to the 
question of workmen’s compensation in relation to radiation hazards. 

Because it is impossible to determine experimentally whether or not 
such a threshold exists, many persons take the position that to be on 
the safe side in establishing standards of radiation protection we must 


10 This article and oral testimony on the subject are given on pp. 955-977, pt. 1 of the hearings on ‘“The 
Nature of Radioactive Fallout and Its Effects on Man” cited above. 
i Science, pp. 693-699, September 26, 1958. 
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assume the worst; that is, that even small doses of radiation produce 
proportionate increases in the chance of leukemia. However, in 
estimating the actual probability that a particular case of leukemia 
resulted from a given small dose of radiation, this serves only to give 
an approximate maximum value of such probability. The actual 
probability may be less or, depending upon the existence of threshold 
above the dose under consideration, zero. With these limitations in 
mind, the hypothesis of linear relationship is used in the following 
discussion to illustrate the range of relationships which might con- 
ceivably be involved in trying to iudge whether or not a particular 
case of leukemia may have resulted from exposure to radiation. 

Current standards for protection against excessive exposure to 
radiation limit occupational averages to five roentgens per year. If 
Prof. Lewis were correct in assuming that each roentgen of radiation 
dose to the blood-forming tissues confers a probability of leukemia 
of 2 x 10~® per roentgen per year, this would result in three chances in 
100,000 of leukemia during the second year, five chances in 100,000 
during the third year, etc. The following table compares the increase 
in risk, calculated on the basis of this hypothesis, from exposure at the 
maximum permissible rate from age 20 to age 65, with the average 
risk to persons with no unusual exposure to radiation. 


Additional risk from 5 roentgens per year 
after age 20 


In addition to the fact that the actual additional risk may be much 
less than the “maximum” computed in the bottom row of the table 
for persons exposed continuously at the maximum permissible average 
rate, it may be improbable that many persons would be exposed at 
this average rate over a period as long as 45 years. 

The foregoing discussion suggests that for persons working within 
current standards of radiation protection, the risk of leukemia from 
exposure to radiation is, at worst, generally less than the risk of leuke- 
mia from other sources... How much less it is in fact, we have no means 
of estimating. Qualitatively, at least, from the point of view of 
workmen’s compensation, the situation is no different than that of 
heart disease or other diseases discussed in connection with the more 
general problems of workmen’s compensation in the field of health 
and disease. Like heart disease, the probability of leukemia from 
natural causes and, perhaps, from continued exposure to radiation 
under routine conditions is relatively small at the age of 20 or 30, but 
increases sharply with advancing age. If there are any important 
differences in the two diseases from the point of view of workmen’s 
compensation, they are not readily apparent. 


CANCER AND APLASTIC ANEMIA 


Qualitatively the considerations discussed above in connection with 
leukemia are considered to apply as well to cancer and aplastic anemia. 
We do not know of any important differences in possible relationships 
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between exposure to radiation and incidence of these diseases which 
require consideration different from that given to leukemia. 

n further development of the thesis that the occupational hazards 
associated with radiation do not present unique problems with respect 
to workmen’s compensation, it may be observed that leukemia and 
other malignant diseases are not only of common occurrence in man 
but may be produced by occupational conditions other than exposure 
to radiation. For example, it has been observed above that excessive 
exposure to benzene may result in aplastic anemia, frequently leading 
to leukemia. Many hydrocarbons and other organic compounds are 
known to be carcinogenic or to contribute to carcinogenesis under 
certain conditions. Sndaabiodiy there are many other carcinogenic 
agents and conditions as yet undiscovered. 


REDUCTION IN LIFE EXPECTANCY 


Observations on experimental animals have shown a reduction in 
life expectancy from large doses of radiation in addition to that 
resulting from increased risk of the specific diseases, leukemia, cancer, 
and aplastic anemia. Efforts to observe corresponding effects from 
small doses of radiation have been inconclusive. Nevertheless, there 
has been suggested the possibility that small doses of radiation reduce 
life expectancy by amounts proportional to the dose. Because 
observed reductions for given doses vary from one species of animal 
to another, there are further uncertainties in extrapolating these 
relationships to man. Such extrapolations have led to suggestions 
that occupational exposures to radiation might lead to reductions in 
rv expectancy in the range from one to fifteen days per roentgen of 

ose. 

Reduction of life expectancy as a result of routine occupational. 
exposure, if it occurs, is expected to be a statistical result which 
could be expressed quantitatively only in relation to a relatively 
large group of persons. Statistically, members of the group would be 
expected to die of the same diseases as if the reduction had not oc- 
curred. At the death of any one person, it would be impossible to 
determine whether or not he had, in fact died at an earlier time than 
if the reduction in life expectancy of the group had not occurred. 
Provision of compensation for possible reduction in life expectancy 
would appear to fall outside the scope of workmen’s compensation as 
currently practiced. 

GENETIC EFFECTS 


The last biological effect of radiation to be pre specific considera- 
i 


tion in the present discussion is that of possible genetic effects upon 
descendants of the exposed persons. It is estimated that about two 
percent of live births in the United States involve observable genetic 
defects of one kind or another. These are considered to be the result 
of a normal rate of genetic mutation over past generations, 

It is further estimated by geneticists that if the total population 
were to receive an average radiation dose to the gonads of 50 roentgens 
per generation, the present rate of mutation would be about two times 
as great. In terms of genetic risk to the children of persons working 
with radiation this may be interpreted as follows. Of the genetic 
defects which will result from the mutations produced in any one 
generation, about, 10 percent are expected to occur in the next gen- 
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eration. If only one parent is exposed to the radiation, the prob- 
ability of a resultant genetic effect in offspring of the next generation 
is about half as great as if both parents were exposed. Thus, if one 
parent were to receive a gonadal dose of 50 roentgens, the probability 
that any child born from a subsequent conception would display an 
observable genetic defect as a result of such an exposure is 


1/2 1/10X2%=0.1%=1/1,000 


If, following a total gonadal dose of 50 roentgens to the parent 
during his preceding life, a child were born with a genetic defect, the 
consequent probability that the genetic defect arose from the exposure 
to radiation rather than from normal genetic mutation would be 
only one chance in twenty. 

From the point of view of workmen’s compensation, it is obviously 
impossible to provide compensation for those cases of genetic injury 
which affect the worker through defects in his children without pro- 
viding compensation for the much larger number of cases resulting 
from normal rates of genetic mutation. 

In addition to observable genetic defects in live births, genetic 
mutations are expected to veault in increased frequency of embryonic 
and neonatal deaths, stillbirths, and childhood deaths. A discussion 
of these effects is contained in statements by Prof. James Crow, pages 
1020-1024, part 2, of the hearings on “The Nature of Radioactive 
Fallout and Its Effects on Man,” cited above. According to the 
table given on page 1021 of those hearings, a gonadal dose of 50 
roentgens to one parent would be estimated to increase the frequency 
of such effects by about 3 percent of the normal frequency. This is 
equivalent to saying that if, for example, a stillbirth followed the 
exposure of a parent to a gonadal dose of 50 roentgens, the chance of 
its being a result of the exposure would be about one in thirty. 


EFFECTS OF LOCALIZED EXPOSURE 


The exposure of a limited portion of the body to large doses of 
radiation may result in one of the effects discussed in the preceding 
paragraphs—effects which are not — to ionizing radiation. 


However, there are a number of effects of localized exposure to 
ionizing radiation that may be diagnosed with reasonable confidence 
as resulting from such exposure. An example is the radiation cataract 
of the eye which is characteristically different from senile cataracts. 
Such cataracts resulting from ionizing radiation are not distinguishable 
by examination from cataracts resulting from excessive exposure to 
such nonionizing radiations as infrared (heat rays) and microwaves 
(ultrahigh frequency radio or radar). Other examples of effects of 
localized exposure are gross changes which take place in the structure 
of heavily irradiated tissues, such as the skin of the hands, in the case 
of exposure of the hands, and in certain bones as in the case of radium 
dial painters. 


PRESENT STATUS OF KNOWLEDGE OF BIOLOGICAL EFFECTS OF RADIATION 


_ The numerical illustrations given above in connection with discus- 
sions of various biological effects of radiation are subject to uncer- 
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tainties of which some may be quite large. Statements that such 
uncertainties exist are frequently taken to mean that very little is 
known about the biological effects of radiation. While studies of such 
effects continue to open up new avenues of investigation—creating; as 
does research in other fields of science, more questions than answers— 
when compared with the state of our knowledge in some other field 
of human health, we are relatively well informed on the biological 
effects of radiation. Through intensive research, we are increasing 
our Ore of the relationships between radiation and health at a 
rapid rate. From the point of view of workmen’s compensation, 
this means that the health standards used to limit hazards from radia- 
tion have at least as firm a basis as those generally used in other 
phases of industrial hygiene. 


SUMMARY AND CONCLUSIONS 


In the preceding discussion, it has been pointed out that: 

(1) It is impossible for a workmen’s compensation program to pro- 
vide compensation for all cases of occupationally connected disease or 
disability without also providing compensation for nonoccupationally 
connected cases of disease or disability in several major classes of 
disease. The inability of medical seience to determine whether or not 
a particular case of such diseases is occupationally connected is more 
probably a basic characteristic of health and disease than a short- 
coming of medical science. 

(2) Examination of the principal diseases which are known to be 
producible by exposure to large doses of radiation does not disclose any 
hazards from exposure to radiation which are known to be unique in 
the field of occupational health. As a special case, it is known that 
other materials and conditions frequently encountered in industry can 
produce malignant diseases, and it appears probable that there are 
many carcinogenic materials in industry which have not been 
identified. 


Section 3. ANALYSIS OF WorKMEN’s CoMPENSATION LAws ” IN 
RELATION TO RapDIATION INJURIES 


INTRODUCTION 


The purpose of this analysis of workmen’s compensation laws is to 
show the extent to which radiation ch gees Bip covered under such 
laws at the present time. It also will high ight some of the many 
problems anticipated in providing full wor — Ss compensation pro- 
tection for workers in the event of injury due to a radiation hazard. 

Workmen’s compensation laws are in effect in all States, the District 
of Columbia, Hawaii, and Puerto Rico. In addition to these 52 laws, 
there are two Federal laws, the Federal Employees’ Compensation 
Act and the Longshoremen’s and Harbor Workers’ Compensation Act. 

The laws vary both in standard and in administrative procedures. 
It is not possible, therefore, to compare the various acts as a whole. 
Comparisons in this report are limited to basic provisions of the law 
and do not include information on judicial decisions or administrative 
rules and regulations. 


® This section has been prepared by the Bureau of Labor Standards, U.S. Department of Labor. 
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Among the specific provisions analyzed in this report are those 
relating to whether the law is compulsory or elective, the methods of 
insurance, the employments covered and those specifically exempted, 
numerical exemptions, extraterritorial coverage, accidental injuries 
and occupational diseases, subsequent injury funds, waivers, time 
limits for filing claims, and indemnity, medical and rehabilitation 
benefits. 

In general, the report shows that very few of the State laws provide 
full workmen’s compensation protection for workers who are exposed 
to radiation hazards. One of the major gaps is the time limit for filing 
claims. Almost all the laws fail to recognize the latent nature of 
radiation diseases with the result that the time limit for filing claims 
may expire before the worker knows that he has suffered a radiation 
injury due to his job. About one-third of the laws have inadequate 
or no coverage for radiation diseases. Limitations on medical bene- 
fits for radiation injuries apply in about one-third of the laws. Very 
few of the jurisdictions provide for supervision of medical care. Less 
than half of the laws contain any provision on rehabilitation. Only 
one-third of the laws include radiation injuries in the coverage of the 
subsequent injury funds. 

TYPE OF LAWS 


The workmen’s compensation laws of the States, Territories, and 
Federal government may be classified as compulsory or elective. 

A compulsory law requires every employer within the coverage of 
the act to accept its provisions and to provide for the benefits pre- 


scribed by the act. Twenty-nine of the 54 workmen’s compensation 
Jaws in this country are compulsory. 

An elective law permits the employer and employee to accept or 
to reject the provisions of the law. Under most types of elective 
laws, acceptance of the act by the employers or employees is presumed 
unless specific notice of rejection is filed. _In case the employer rejects 
the law, he loses the customary common law defenses of assumed risk 
of employment, negligence of fellow servants, and contributory 
negligence. If the employee rejects the act but the employer accepts 
it, then the employer is allowed to use the common law defenses in 
case of a suit by the employee for damages. If an employer has re- 
jected the act his employees may be unable to obtain compensation 
unless they sue for damages regardless of whether or not hi have 
accepted the act. (See appendix E-1 for list of compulsory and elec- 
tive laws.) 

The first test, therefore, of whether a workmen’s compensation law 
covers a radiation injury is the type of law. If elective, the injury 
may or may not be covered. 


SECURITY FOR PAYMENT OF BENEFITS 


There are three types of provisions to assure payment by the em- 
loyer of compensation indemnity benefits or medical and related 
enefits in the event of a radiation injury. These methods are: (1) 
to insure with an authorized private insurance company; (2) to give 
er of his qualifications for self-insurance; and (3) to insure with a 

tate fund. Since radiation injuries can involve costly workmen’s 
compensation payments, it is important to assure a sound method of 
financing such costs. 
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Under all but nine of the laws, employers can obtain insurance 
through private insurance carriers. Employers may qualify as self- 
insurers under all but eight of the laws. Where self-insurance is per- 
mitted, the self-insurer must meet certain conditions such as bonding, 
posting of securities, or other proof of financial ability to carry his 
own risk. 

State funds are provided for in 19 of the jurisdictions. These funds 
are classified as “exclusive’”’ or “‘competitive.”” Under an exclusive 
State fund, employers are required to insure in the fund. If a jurisdic- 
tion permits an employer to insure with either the State fund or a 
private insurance company the fund is referred to as a competitive 
State fund. Eight jurisdictions have exclusive State funds and eleven 
are classified as competitive State funds. Two of the exclusive State 
funds also permit self-insurance. The Federal Employees’ Compensa- 
tion Act depends on direct appropriations by Congress for the pay- 
ment of all benefits. 

The type of insurance provision in each jurisdiction is shown in 
appendix E-2. 


EMPLOYMENTS COVERED AND EXCEPTED—PRIVATE EMPLOYMENT 


No workmen’s compensation law covers all private employments. 
Every law excludes some specifically named classes of employees. 
Many laws exempt employers who have fewer than a certain number 
of employees, and other laws cover only hazardous, extrahazardous, 
or especially dangerous occupations. These gaps in coverage may 
mean that a worker suffering a radiation injury is without workmen’s 
compensation. In most States, the employments exempted may be 
brought under the law through the voluntary acceptance of coverage 
by the employer. 


Excepted employments 


. Farm and domestic workers are generally excluded from workmen’s 
compensation laws. Railroad and maritime workers are also exempt. 
Many laws also contain a list of other excluded employments ranging 
from two in one State to 18 in another State. 


Hazardous employments 


In 13 jurisdictions (Illinois, Kansas, Louisiana, Maryland, Massa- 
chusetts, Montana, New Mexico, New York, North Dakota, Okla- 
homa, Oregon, Washington, and Wyoming), the laws apply to listed 
“hazardous” or “extrahazardous” employments. The use of such 
terms was an expedient adopted in the early days of workmen’s 
compensation legislation to meet the risk that the broad coverage 
type of law might be held unconstitutional by the courts. Now the 
constitutionality of workmen’s compensation laws has long been 
assured, and the retention of this provision in some State laws is a 
major obstacle to comprehensive coverage of workers. In a few of 
these States, the list of hazardous industries is comprehensive. How- 
ever, difficulties of interpretation arise where the laws contain both 
specific and general provisions. For example, one State specifies 
certain “extrahazardous” employments that are covered and in addi- 
tion states that the act shall apply to all extrahazardous employments 
not specifically enumerated and to all work of an extrahazardous 
nature. Regardless of this general provision, it has been found 
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necessary to amend the law from time to time by adding to the list of 
specific extrahazardous employments. 


Numerical exemptions 


The laws of 25 jurisdictions contain no provision for an exemption 
based on number of workers employed. The other 29 jurisdictions 
exempt employers who have fewer than a stipulated number of em- 
ployees, ranging from less than 15 in one State to less than two. (See 
appendix E-3 for list of States with no numerical exemptions and those 
with such exemptions.) 


EMPLOYMENTS COVERED AND EXCEPTED—PUBLIC EMPLOYMENTS 


Workmen’s compensation laws for public employees are more 
frequently compulsory than are those dealing with private employees. 
Forty-four jurisdictions have laws that are canmeinee at least as to 
some public employees. In the remaining ten jurisdictions coverage 
of public employees depends entirely upon the election of the State, 
city, or other political subdivision, or agency to bring employees under 
the act (Connecticut, Delaware, Florida, Kiasuna’ Kentucky, Missis- 


sippi, Missouri, New Hampshire, New Mexico, and Tennessee). 


EMPLOYMENT COVERED AND EXCEPTED—EXTRATERRITORIAL COVERAGE 


The extent of coverage of radiation injuries is also affected by the 
extraterritorial provisions of the various workmen’s compensation 
laws. When an employee hired in one State is injured in another, 
sometimes it is clear that he is covered by the law of the State where 
he was hired; sometimes such coverage is doubtful, depending upon a 
number of factors. On the other hand, sometimes the employee is 
specifically covered by the law of the State where the injury occurred. 
In many instances it 1s difficult to determine in what State the remedy 
should be sought. The difficulty is caused by the varying provisions 
in the different laws relating to this problem. 

Some of the States, including Connecticut, Massachusetts, and 
Ohio, provide, with no restrictions, that the law covers injuries 
occurring both inside and outside the State. Others provide that if a 
contract to work is made in the State, the law will apply in cases of 
injuries outside the State. Still others—for instance, those of Cali- 
fornia, Michigan, and Nevada—require that the employee’s regular 
place of employment, or the employee’s residence, or both, also be in 
the State where the contract is made. Some of the laws also require 
that the accident must occur within a certain time after leaving the 
State; for instance, Texas sets one year, and Colorado and Utah set 6 
months. Delaware and Pennsylvania specify that the work outside 
the State must not extend beyond a period of 90 days. About one- 
fourth of the laws omit any reference to extraterritoriality, but the 
courts of some of these States, for instance New Jersey and New 
York, have interpreted the law as being applicable to such accidents, 
In New York the law has been held to apply if the contract of employ- 
ment was made in the State, or the employment was incidental to. a 
business carried on in the State, while the New Jersey law has been 
construed to apply generally to accidents suffered on contracts of hire 
made outside the State. 
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In some States reciprocal arrangements have been developed to 
meet this problem. Under these arrangements, the workmen’s 
compensation law may not apply to an employee temporarily within 
the State if his employer has furnished proof of workmen’s compensa- 
tion coverage under the law of another State and provided that the 
other State also recognizes the same extraterritorial application for 
employees temporarily within its borders. 

Extraterritorial provisions will affect primarily the coverage of 
radiation injuries for workers engaged in the servicing, installation, 
and construction of atomic energy facilities and in the transportation 
of materials with a radiation hazard where such workers cross State 
lines in their activities. 


INJURIES AND DISEASES COVERED 


Accidental injuries 


An analysis of the workmen’s compensation laws of the various 
jurisdictions shows that the laws differ not only in the employments 
that are covered but also in the injuries covered. The compensation 
laws in general are intended to cover all accidental injuries due to 
the nature of the employment regardless of who was at fault. The 
specific definition of accidental injury in the law, however, will deter- 
mine whether a radiation or other type of injury is covered. A review 
of the definitions shows that the usual language is to specify that the 
injury must be an “‘injury by accident arising out of and in the course 
of employment.’ In some laws, only the language ‘“‘course of employ- 
ment” is used. The terms ‘‘by accident’’ and “arising out of and in 
the course of employment”’ are subject to interpretation in the differ- 


ent States and may limit the coverage of radiation or other injuries. 
The definition of accidental injury therefore becomes of particular 
importance in radiation cases. 

Sample provisions of definitions of ‘‘accidental injury” in the various 
laws are attached as appendix E-4. 


Occupational diseases 


Occupational diseases are covered in two ways by the workmen’s 
compensation laws. (See appendix E-5 for list of States covering 
occupational diseases.) One is by the full coverage method under 
which all diseases are covered. This is usually done by the definition 
of “injury” or by definition of “occupational disease.” More than 
half of the laws now provide for full coverage. The other method is 
by listing specified diseases that are covered and is referred to as 
“schedule” coverage. A few laws list the specific diseases covered 
and then include a general provision for coverage of “any and all 
occupational diseases.”” The workmen’s compensation laws of Ten- 
nessee and Virginia permit full coverage at the option of the employer. 
The laws of Mississippi, Wyoming, and Montana do not have any 

rovision in the law for occupational disease coverage. Five of the 
aws with schedule coverage do not include radiation diseases. 

Eighteen laws include specific language for coverage of radiation 
diseases. However, in eight of these laws, it is questionable whether 
the language used is adequate to cover all radiation diseases. (See 
oe —6 for laws with specific language together with language 
used.) 
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The International Association of Industrial Accident Boards and 
Commissions’ Atomic Energy Committee Report in 1956 recom- 
mended that a uniform language be used and suggested that the term 
‘disease caused by exposure to ionizing radiation” be inserted in the 
law where considered necessary. New York adopted this language 
in 1957. 


Subsequent injury fund provisions 

Workmen’s compensation laws constitute one of the obstacles to the 
employment of handicapped workers because of the fear of employers 
that they may be assessed a heavy compensation cost if the handi- 
capped worker suffers a subsequent injury. To meet this problem, 
subsequent injury funds have been established. A subsequent injury 
fund is a special fund to insure that an employer who hires a handi- 
capped worker will not, in the event such worker suffers a subsequent 
injury on the job, be responsible for the payment of compensation 
for a greater disability than that actually resulting from the subse- 

uent injury by itself. Under the New York and Minnesota laws, 
the employer is only liable for compensation for a maximum of 104 
‘weeks. But the employee is fully compensated. The subsequent 
injury fund pays the difference between what he actually receives 
from the employer and what he would have received for the actual 
disability resulting from the combined injuries. 

The coverage of a subsequent injury fund may be broad enough to 
include any type of prior disability—such as polio, epilepsy, arthritis, 
heart disease, or diabetes: or it may be so limited that it applies only 
to such handicaps as the loss, or loss of use, of a hand, arm, foot, leg, 


or eye. The great majority of these funds are limited in coverage to 
the loss of a member of the body. 

A worker who has suffered a radiation injury may find it difficult to 
obtain employment where a subsequent injury fund does not cover 
such injuries. Only 17 of the subsequent injury fund provisions 

( 


cover radiation injuries at the present time. ee appendix E-7 for 
a chart showing the subsequent injury fund provisions which cover 
radiation diseases.) 

Waivers 

Most jurisdictions prohibit an re ee from waiving his rights to 
compensation. However, early in the history of workmen’s compen- 
sation, a number of States enacted provisions permitting handicapped 
workers to “waive” their rights to benefits for an injury caused, or 
contributed to, by a previous disability. This was done because of 
the reluctance of employers to hire or keep an employee whose 
physical condition might create an extra compensation cost if he 
suffered a further injury on the job. 

The development of the subsequent injury fund system has made 
waiver provisions obsolete. However, some jurisdictions still author- 
ize the use of waivers. A waiver for radiation injuries is permitted 
under 14 of the laws. (See appendix E-8 for status of waivers under 
workmen’s compensation laws.) 


TIME LIMITS FOR FILING CLAIMS 


One of the major problems affecting the coverage of radiation 
injuries under workmen’s compensation laws is the requirement relat- 
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ing to the time limit for filing a claim. Many workmen’s compensa- 
tion laws require that the claim must be filed within a certain period 
after date of last exposure. Other laws require that the claim be 
filed within a specified period after disablement regardless of whether 
the worker knows that his disability was due to his job. Because of 
the slowly developing nature of radiation diseases, and the difficulty 
of determining the causal relationship between such diseases and the 
job, an employee may be unaware that he is suffering from a radiation 
disease due to his employment and may not suffer disability for many 
years after his last exposure to radiation. The time limit provision 
will have, therefore, an important bearing on a worker’s right to 
compensation if he suffers a radiation injury. 

The great variation in the time limits for filing claims is shown in 
appendix E-9 attached. Fifteen States require a claim to be filed 
within a specified period from date of disablement. In six of these 
15 States it is also required that it be filed within a certain period 
from date of last exposure. 

In four States, the time limit is based enticely on date of last ex- 
posure, varying from one to three years after such date. 

The date of injury is the basis for determining time limit for filing 
claim in 13 States. In three of these 13 States, the date of last ex- 
posure is also included in determining the time limit. The date of 
injury in occupational disease cases usually is not spelled out in the 
law. Generally it is a matter for interpretation. 

In four States, the date of manifestation of symptoms of an occu- 
pational disease constitutes the date from which the time limit begins 
to run. 

The date of worker’s knowledge that he has an occupational disease 
is the test for tolling the time limit in six States (California, Delaware, 
New Jersey, New York, Washington, and Wisconsin). However, in 
two of these States (Delaware and New Jersey), the date of last ex- 
posure is also used and serves to restrict the time within which the 
claim must be filed. In two other States, California and New York, 
both date of worker’s knowledge and date of disablement are specified 
as the requirements for determining when the time limit begins. 

It is difficult to evaluate the effect of some of these time limit pro- 
visions on coverage of radiation injuries since much depends on the 
interpretation given to them by the courts. On the basis of the 
specific provision in the law, however, only the California and New 
York laws meet the standard recommended by the LAIABC in its 
Atomic Energy Committee Report for 1956." This report recommends 
that “the time limitation in filing of claims not begin to run until the 
date on which the employee has knowledge of the nature of his dis- 
ability and its relation to his job and until after disablement.”’ 

Samples of the various types of provisions mentioned are attached 
as appendix E-10. 


COMPENSATION BENEFITS-—-MEDICAL BENEFITS 


All jurisdictions provide that the injured worker shall receive medi- 
_ cal aid. The extent of medical benefits varies from full benefits in 
most States to limitations in other States as to period of treatment 
or cost or both. Since radiation injuries may involve extensive medi- 


13 “*Workmen’s Compensation Problems,” Bulletin 192, Bureau of Labor Standards, U.S. Department 
of Labor, pp. 160-167. 





RADIATION HAZARDS AND WORKMEN’S COMPENSATION 87 


eal care, it is important to know whether the law provides full or 
limited benefits. (See appendix E~11 for list of States providing full 
and limited medical benefits.) - 


Full benefits 


Thirty-three jurisdictions provide for full medical benefits for acci- 
dental injuries and occupational diseases. In 17 of these 33 laws, it 
is specifically provided that medical aid must be furnished without 
limit as to time or amount. In the other 16 laws, the administrative 
agency is authorized to extend such aid indefinitely beyond any limits 
expressed in the law. 


Limited benefits 


Medical benefits are limited in 21 laws. In 14 of these laws the 
limitations apply to both accidental injuries and occupational diseases. 
In two of these laws, the medical benefits are limited for all occupa- 
tional diseases. In the other 5 laws the mcdical benefits are restricted 
for silicosis, asbestosis, or other types of dust diseases. In at least 
16 jurisdictions, therefore, medical benefits for radiation injuries will 
be limited. 

The limitations on period of treatment range from 91 days to 4 
years, and as to amount, from $1,000 to $2,500. In some laws both 
period and amount are limited. 


Choice of physician 

In the majority of the jurisdictions the employer is given the right 
to select the first treating physician or surgeon. The injured worker 
is given the right of selection in about one-third of the laws. (See 
appendix E-12 for list of laws showing method of selection of doctor.) 


Supervision of medical care 


Radiation injury cases may require specialized medical care. It is 
therefore important to know, in evaluating the medical care provision, 
whether the workmen’s compensation agency has the authority to 
supervise and control the medical care program. A report of the 
IAIABC Medical Committee in 1957 indicated that only two juris- 
dictions approach the LATABC standard of supervision of medical 
care.‘ This standard includes the following: 

(a) one or more physicians on the staff of workmen’s compensa- 
tion agency 

(6) reports required by the workmen’s compensation agency 
from attending physicians 

(c) right of workmen’s compensation agency to suggest to 
attending physician the need for change in treatment 

(d) use of impartial advisory medical panels to supervise 
medical care. 


COMPENSATION BENEFITS—INDEMNITY BENEFITS 


The amount of cash benefits payable for a radiation injury under 
the various workmen’s compensation laws is determined by a number 
of factors and will vary from State to State. Usually the law will 
specify that the worker is entitled to 66% percent of his average weekly 
wages. In some States the percentage will vary according to the 


4 “‘Workmen’s Compensation Problems,” Bulletin 195, published by the Bureau of Labor Standards, 
U.S. Department of Labor, pp. 172-173. 
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marital status of the worker and the number of dependent children. 
However, the percentage which the worker actually receives is also 
affected by the maximum weekly rate specified in the law. This 
rate may result in the worker receiving much less than 66% percent 
of his average weekly wages. A table showing the ratio of the 
maximum weekly benefit rate to the State’s average weekly wage is 

attached as appendix E-13. This table shows that only five juris- 
dictions now provide a benefit rate which will enable most workers to 
receive at least two-thirds of the State’s average weekly wages based 
on wages of workers covered under unemployment insurance laws in 
1957. 

Other factors which affect the benefits received by an injured 
worker are the term or period of payment specified in the law and the 
aggregate or total maximum amount of payment. The amount may 
also differ as to type of injury. 

The maximum weekly payments vary from State to State. In a 
few laws, the payments ‘exceed $50 but the most common benefit rate 
is between $35 and $40. 

Twenty-five laws pay benefits for permanent total disability for the 
entire period of disability. In the other laws, the period for such 
payments is limited to a specified number of weeks varying from 330 
to 550 weeks or the total amount payable is limited, ranging from 
$7,500 to $20,000. In some jurisdictions, both the period and total 
amount payable are limited. 

The specific benefit rates by jurisdiction for the various types of 
disability and for death are indicated in appendices E-14 through 
E-18. 










































COMPENSATION BENEFITS—REHABILITATION BENEFITS 





Less than half of our workmen’s compensation laws contain any 
specific provision on rehabilitation of injured workers. (See appendix 
E-19 showing States with rehabilitation provisions.) A worker who 
has suffered excessive radiation exposure may need rehabilitation and 
retraining for another job. The extent to which he will be entitled 
to rehabilitation services will be determined by the particular work- 
men’s compensation law involved. 

Four States (Ohio, Oregon, Rhode Island, Washington) and Puerto 
Rico operate rehabilitation centers or facilities under the workmen’s 
compensation program to make available to injured workers the full 
services necessary to restore their ability to perform a job. 

In addition to the workmen’s compensation rehabilitation centers 
mentioned above, eight jurisdictions (Florida, Massachusetts, Minne- 
sota, Missouri, New Jersey, New York, West Virginia, and Hawaii) 
maintain special rehabilitation divisions or units within the workmen’s 
compensation agency. These units are designed to promote the 
referral of injured workers to public or private rehabilitation facilities 
and to study the rehabilitation needs and problems affecting injured 
workers. 

Special maintenance and other benefits for injured workers while 
undergoing rehabilitation are provided in 18 of the laws. The 
Arizona law gives the Commission broad authority to provide such 
awards as may be necessary for the promotion of vocational rehabil- 
itation. Under the Wisconsin law, provision is made for the payment 
of full compensation for a maximum period of 40 weeks during re- 
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habilitation training. The actual and necessary costs of maintenance 
and travel are paid for a maximum period of 40 weeks, if the training 
is elsewhere than at the place of residence. In addition, for amputees 
there is no limit on the number of weeks for which full compensation 
is paid while receiving training in the use of prosthetic devices. The 
Oregon law provides for benefits of $50 to $100 a month and authorizes 
the Commission to expend such funds as may be necessary to accom- 
plish rehabilitation. In the other laws providing special maintenance 
or other compensation for rehabilitation, there is a maximum limit 
on the amount of compensation, or period of weeks, or both. 


CONCLUSION 


This brief analysis of workmen’s compensation laws points up the 
wide variation in the provisions of the laws, the gaps in the coverage of 
radiation injuries, and the need for reexamination of these laws as to 
changes required to meet the new problems resulting from the growing 
use of atomic energy for peaceful purposes. 

The extent of protection for workers who suffer a radiation injury 
will depend not only on the law but on its administration. This report 
does not include a discussion of problems due to difficulties in adminis- 
tration of the law. Problems in administration include insufficient 
funds resulting in lack of staff and inadequate salaries to attract and 
retain competent personnel. The use of court administration in five 
States also constitutes a problem in the administration of these laws. 
Courts are not organized and equipped to render the type of service 
needed particularly in regard to supervision of medical care and 
rehabilitation. 

Another problem is the question of proving causal relationshi 
between a radiation injury and the job. As experience develops wit 
specific cases, it may be possible to better determine what types of pro- 
visions in workmen’s compensation laws will most effectively meet this 
problem. 


Section 4. AEC Requrrements To Overcome DEFICIENCIES IN 
Srate Laws—AEC Conrracrors 


INTRODUCTION 


From the beginning of the atomic energy industry—and to the ex- 
tent authorized by State laws—insurance companies have handled 
workmen’s compensation matters for MED and AEC contractors, 
The services of these companies have been used to file policies with 
State authorities as evidence of compliance with applicable laws; to 
file necessary reports of injury; investigate claims; and to pay or deny 
and, where necessary, represent their clients in litigations arising out 
of claims, 

In the States of Washington, Nevada, and Ohio, private insurance 
companies are not permitted to write workmen’s compensation i- 
surance. Therefore, in these Siates AEC contractors obtain coverage 
through State insurance funds. 
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BACKGROUND 


Eaviy in the MED program, contractors were authorized to establish 
special benefit plans for their employees on the theory that contract 
operations ae subject employees to serious and unusual hazards 
concerning which it was impossible to provide adequate protection 
through normal insurance coverage. These special benefit plans would 
permit the contractor, with the Government’s approval, to pay up to 
$10,000 if an employee were killed or disabled as a result of certain’ 
specified hazards. The particular hazards covered by the plans 
varied considerably from one contract to another but all included 
hazards which are to some extent peculiar in kind or degree to the 
atomic energy industry, such as radiation, explosion resulting from 
atomic disintegration, and exposure to certain toxic materials. 

These plans provided for a maximum payment to any individual 
employee of $10,000, and also provided for payment of medical 
expenses as a part of, but not in addition to, this maximum. Pay- 
ments for injuries not resulting in death were also authorized under 
these plans. For example, a 50 percent permanent disability might 
warrant a payment of $5,000 to the injured employee. Payments 
made under these benefit plans were in addition to any workmen's 
compensation payments an employee might receive. These plans 
did not intend to establish for an employee or his beneficiary any 
legal rights. 

Such plans are still in effect for the operations of Carbide at Oak 
Ridge; Monsanto at Dayton; the University of California at Los 
Alamos and Berkeley; General Electric at Hanford and Schenectady; 
the University of Chicago at Argonne; and Columbia University in 
New York. There is also a limited plan in effect for Associated 
Universities, Inc., the Commission’s contractor at the Brookhaven 
National Laboratory in Long Island. 


REAPPRAISAL AND CURRENT POLICIES 


In January 1952 the Commission reexamined the problem of com- 

ensation for radiation disabilities of contractor employees in the 
ight of actual experience. It was found that these hazards bad not 
in fact proved too great. Payments under the special benefit plans 
had been made to or for only eight individuals at that time of which 
four were radiation cases. However, other potential claims were 
known to exist. It was also realized that the number of potential 
claims might increase as a result of the delayed effects of radiation 
or exposure to toxic materials. Nevertheless, these low figures 
demonstrated the effectiveness of protective measures. 

In line with the Commission’s general efforts to give the public a 
roper perspective of hazards connected with atomic energy, it was 

Saliowed desirable not to establish a special category of benefit pay- 
ments for these hazards. There were, however, certain aspects of 
injuries resulting from hazards associated with atomic energy which 
it was felt might in a particular case justify special consideration. 
For this reason, AEC did not propose at that time a complete aban- 
donment of special benefit plans but rather a substantial modification 
of their use in new contracts. Furthermore, a review of the work- 
men’s compensation and occupational disease laws of the States in 
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which AEC then conducted its principal operations indicated that 
some States did not have adequate laws to cover all injuries of special 


h significance in AEC operations. 
ob For example, in a number of States in which AEC operated -the 
ls coverage was more complete for injuries resulting from sudden acei- 
om dents than for injuries and diseases resulting from exposure over a 
id period of time. In the latter case the State law not infrequently 
‘Oo imposed a limitation on the period within which the employees must 
uD, file notice or take legal action or within which the disability must: 
as occur. Likewise, some States did not permit the reopening of prior 
d compensation determinations in the event of delayed or aggravated 
16 disabilities. These limitations could effectively bar recourse under 
m State laws in such cases. For these reasons it was believed that 
provision should be made for the compensation of disabilities or 
& death due to specific hazards peculiar to work with radiation and to 
al such toxic materials as beryllium, when they were not adequately 
= covered by workmen’s compensation or occupational disease statutes. 
c Therefore, it was determined that, if after careful review and 
ut consideration of the nature of the contractor’s work, the applicable 
ts workmen’s compensation law, the contractor’s insurance arrangements 
Ss and his existing employee welfare plans, supplementary coverage were 
ns found necessary, it should be provided, if possible, by voluntary 
ry workmen’s compensation insurance. This kind of surance provides 
k that the insurance company: will offer an injured employee, whose 
" injury does not fall within the scope of the workmen’s compensation 
0s law, the same benefits to which he would be entitled had his injury 
y> been compensable under the law. 
nd As pointed out in section 3 of this part, some States limit compensa- 
© tion payments for medical care. There are certain types of injuries 
en and occupational diseases which might result from hazards not com- 
monly found outside the atomic energy industry which might require 
unusually expensive or prolonged medical diagnosis and treatment. 
There are also injuries in which rather special medical attention might 
be required at an expense not contemplated by the workmen’s com- 
~ pensation statute. This limitation in State laws has been overcome | 
oot by authorizing contractors to obtain a standard endorsement which 
onan provides medical treatment in excess of the statutory benefits up to as 
he much as $100,000 for each case of disability.’ 
pre 18 Voluntary workmen’s compensation endorsements are presently included in the insurance policies of 
. the following contractors: 
ial Contractor and location of operations: 
ion Argonne National Laboratory: Dlinois and Idaho 
University of California: New Mexico 
res Union Carbide: Tennessee and Kentucky 
Phillips Petroleum Co.: Idaho 
University of Tennessee: Tennessee 
2 a Pratt & Whitney: Connecticut, Idaho, and Tennessee 
. Sandia Corp. is a self-insurer in New Mexico and Westinghouse a self-insurer in Pennsylvania, Both of 
vas contractors provide for voluntary compensation in their self-insurance programs. 
16 Extra statutory medical coverage is included in the insurance policies of the following contractors: 
Ly~ Contractor and location of operations: 
of American Car & Foundry: New Mexico 
: Bendix Aviation: Missouri 
ich Union Carbide: Kentucky and Tennessee 
E. L. du Pont: South Carolina 
on. H. K. F m: Tennessee 
an- National Lead, Inc.: Massachusetts 
A Oak oe of Nuclear Studies: Tennessee 
10n Pratt & tney: Connecticut and Tennessee 
University of Tennessee: Tennessee 
rk- Zia Co.: New Mexico 


Sandia Corp., a self-insurer in New Mexico, and Westinghouse, a self-insurer in Pennsylvania, provide 
for extra statutory medical coverage in their self-insurance plans. 
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Finally, as a result of the 1952 reappraisal, it was determined that if 
any unusual situations were discovered which could not be taken care 
of by the remedies described above, a special benefit plan could be 
authorized to close the gaps. It was concluded that the role of the 
special benefit plan should be limited to unusual situations. As pointed 
out earlier, it was not recommended that existing benefit plans be 
modified or abandoned. 

Since the adoption of this new concept of the special benefit plan, 
it has been used twice: in the contract with Iowa State College of 
Agriculture and Mechanical Arts, and in the contract with Westing- 
house covering its operations in Pennsylvania and Idaho. 


Section 5. Rapration AccrpEents, [NsurTEs, AND OVEREXPOSURES— 
AEC ConrTRACTORS 


INTRODUCTION 


This section discusses three categories of radiation accidents that 
have occurred in either MED or AEC contract operations: first, those 
that have resulted in lost-time injuries; second, those which, although 
not resulting in lost-time injuries, have nevertheless caused individ- 
uals to receive more than the maximum permissible levels of whole 
body radiation exposure; and finally radiation accidents which have 
not resulted in employees being injured or overexposed. 


LOST TIME INJURIES 


At the outset it is important to bear in mind that the lost-time in- 
juries identified in table 5 are not necessarily clinically diagnosed 
“radiation injuries.’ Rather this table presents a complete list of 
all reported instances which are appropriately classified as ‘‘lost-time 
injuries” or ‘disabling injuries” in accordance with the prevailing 
definitions of the American Standards Association, the organization 
which has developed the standard method used by American industry 
for reporting and measuring work-injury experience. Among the 
categories of injuries included in the ASA definitions, in addition to 
the more obvious ones—such as death, permanent total disability, 
and permanent paftial disability—are work-connected disabilities 
which prevent an individual from performing his regularly established 
job during the time interval corresponding to the hours of his regular 
shift on any one or more days. Under ASA standards, an injury of 
this type is classified as “temporary total disability.”’ 

Thus, included in table 5 are a number of lost-time injuries which 
in terms of medical opinion would not in fact be classified as injuries 
in the normal clinical sense of the term. In other words, they would 
not be classified as ‘‘radiation injuries’ in the sense that they had 
been so diagnosed by a physician competent in radiation medicine.” 

By and large, the columnar headings of table 5 are self-explanatory. 
However, a brief note on the columns grouped under ‘‘Method of 
Compensation” is necessary for a complete understanding of the 
information reported in the eight subcolumns. The first five sub- 
columns refer to five of the six major classifications of injuries under 
which benefits are paid in accordance with workmen’s compensation 


17 See section 3, part II, for a statement of what under AEC requirements is considered reportable as a 
radiation injury. 
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statutes. The sixth category ‘Permanent Total Disability” has been 
omitted from the table because none of the reported lost-time injuries 
fall in this category. The classification ““Death Benefits’ and ‘“Fu- 
neral Expenses” are self-explanatory. The third category ““Tempo- 
rary Total Disability” represents that classification of compensation 
case which ends with the apparent recovery of the injured person and 
his return to work. Compensation benefits under this category are 
normally paid to reimburse employees for a percentage of their lost 
wages during the period of temporary disability. A ‘Permanent 
Partial Disability” is classified in workmen’s compensation laws as a 
specific or “schedule” injury, such as loss of, or loss of use of, a member; 
or a ‘‘nonschedule” injury which is an injury of a more general nature, 
such as, for example, disability caused by injury to the head or back. 
The final workmen’s compensation category refers to the medical 
benefits received by an injured employee to meet, at least in part, 
the cost of medical care and treatment during his disability. All of 
these categories of benefits are discussed in greater detail in section 
3 of this part. 

The three columns under the heading “Other” refer to the benefits 
received by injured employees (or in the case of fatalities, their bene- 
ficiaries) which were paid by the contractors in supplementation of or 
in lieu of any benefits paid under applicable workmen’s compensation 
statutes. The first of the categories—AEC Special Benefit Plan—is 
discussed in section 4. The column headed “Occupational Disability” 
is meant to describe the generally common practice in industry today 
of making employees whole for any wage loss suffered during periods 
of disability. The final category, ‘‘Medical-Hospital,”’ refers to bene- 
fits of this nature which employees receive from their employers in 
addition to benefits received under applicable State compensation laws. 

It is believed that table 5 includes all instances in which compensa- 
tion was received by employees for lost-time injuries which in the 
opinion of the Commission or its contractors, or in the judgment of 
compensation boards, resulted from radiation accidents. However, 
in addition to the cases reported in the table, there are two cases 
presently pending before State compensation bodies where the claim- 
ants allege that injury was occasioned by radiation exposure. The 
first of these involves an allegation that an employee’s death was due 
to radiation exposure. The claim was originally denied, but it is 
believed that further litigation is contemplated. The second case 
involves one of the four individuals reported in table 5—the June 2, 
1952, Chicago incident. The claim here is that the employee had 
suffered a permanent partial disability as a result of the accident. 
This matter is still pending. 


OVEREXPOSURES 


Table 6 identifies the salient facts concerning all reported radiation 
accidents (except as qualified in the table) which have caused em- 
ployees to receive whole body radiation exposures or internal depositions 
greater than permissible levels but have not resulted in lost-time in- 
juries. No effort has been made to present a similar list for reported 
overexposures to parts of the body. 
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RADIATION ACCIDENTS 


Table 7 does not purport to represent a complete list of all radiation 
accidents that have occurred in which individuals present at the time 
of the accident were neither injured nor overexposed. Rather it rep- 
resents a list of illustrative examples of such accidents, and is included 
in this section to demonstrate that radiation accidents may occur in 
which persons in the immediate environs at the time of the accident 
do not receive injuries or exposures in excess of permissible levels. 
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Section 6.—SuMMARY OF REPORTED OvEREXPOSURES—AEC 
LiIcENSEES 


INTRODUCTION 


10 CFR 20 “Standards for Protection Against Radiation’’ prescribes 
the permissible levels of radiation exposure for licensee personnel and 
others who use and/or are exposed to the radiations emitted by by- 

roduct material controlled by the Atomic Energy Act of 1954. These 
evels are based on an exposure period of 1 week and under certain 
circumstances a 13-week period. The regulation further provides that 
should a person receive a radiation exposure in excess of the amount 

rescribed, the person shall limit his future exposure until his accumu- 
ated total is again below the prescribed weekly average. The reg- 
ulation further sets forth the requirements for reporting radiation 
incidents. 

In general, the device most widely used by a licensee to determine 
radiation exposure is the film badge; a self-contained packet contain- 
ing sensitive films which, when developed, show the amount of radia- 
tion to which the film has been exposed. 

Each overexposure incident is reviewed and in those cases where 
the weekly exposure is believed to be in excess of 3 rem an investigation 
is conducted to determine the facts and circumstances attendant 
thereto. Special investigations of overexposures of less than 3 rem 
for a week normally are not conducted unless there are unusual 
circumstances that warrant immediate examination. Exposures of 
this nature are usually reviewed during a subsequent routine inspectiop. 


REPORTED INCIDENTS 


By the fall of 1958, a total of about 60 persons had received ex- 
posures in excess of prescribed limits but less than 3 rem in a week. 
In each case, subsequent exposures were limited until the prescribed 
average accumulated level or less was attained. 

Through this same period 28 persons employed by licensees received 
eatnated exposures in excess of 3 rem per week. The pertinent 
details of the 16 incidents resulting in these overexposures are sum- 
marized in table 8. In addition to the listed cases, there are several 
others for which investigations are not yet complete. 





Zz 
s 
ea 
a 
Zz 
i 
s 
° 
oO 
DQ 
Zz 
3 
om 
°o 
S 
a 
2 
m 
a 
[ow] 
Ss 
r 
Z 
S 
B 
a 
2 
oS 


98 


"Sp tqT] poqroseid 
ulyyM suussfyd q}oq Jo samsodxe A 
OU A “10430 94 JO JeBZUYy ayy puw UBTIISAYC 
1 JO Uae pu QUIN} 043 07 poy] onsodxo10AO 


“ules SH0'0 
pues ull g¢"9 JO Saansodxa Apoq ojoym pemoys 
espeq Wy ‘“A[uO sleZuy 04 eiMsodxe sAlsseoxGy 

“ULIBOIOJ pus puBy 
8,eeA0jduia 04 pay, sinsodxe19A0 oy} puB 
W128 4431 S,eeAO[duis UO WOM OBpeq UI[Y U0I; 
peqpodeyjxe esimsodxq ‘“sjeq ‘aimsodxa10AG 

“omnsodxe Apod soy Hdl GO") UBYI SsoT 
peMoys ospeq wy y “Bjeq ‘quiny} of sansodxq] 


“20INO0S 8y} JO oInYvU PUB 
UO]}BJUITIO 0} ENP lel OSI Wey ssey AlTeIIUBIS 
-qns aimsodxe Apog efoyM = *“B}eq ‘emmsodxe19A9 


“mOT} Bul UTE, 
-U00 UFAS Jo I[NSAl B SB SUING UOT} BI PBs PaAsooe1 
eefo0]du19 19440 944 Jo APod 84 Uo BIB PIZ][ BOO] 
v fsuinq UoTeIpRl pomoys SoAOTdwIe [ Jo Jesuy V 


syUSMIMIOD 


(peye[No[eo) ured g 
*(peyelMoyeo) ure ¢ 
(poeyepNojeo) wed ¢ 
(pozelna[eo) w91 g 


*(payernoyes) ure. gg 
(peyepnayeo) wed o¢ 


(peyepNo[eo) used SZZ 


(peye[noyeo) wel Lp 


(espeq WY) uel 6 
aera Sar ~(93peq wy) wel ¢ 


(e3peq WY) ule ORT 
(edpeq wpy) uler g 


poeusuLiezep Jou (Z) 
PouyUuLIgep Jou (1) 


eansodxo ; oyeuryxoiddy 


“doy 9fqe4y 
JO Bole [[VUIS PUB SeAOTs Joqqni ZuTyeuTMes 
-uoo [Ids 8 JO 4[Nser B SB paLINde0 sImsodxy 


*pasodxa oq 04 suRIa 
-sAyd pasneo quezed 03 [eI40}eUI VATJOROTpPTA 
JO uUo;{eIYS}U;JWIpe ZuyaNp sinyyey Jusurdinby 
‘suoy}esedo AydeiZ01 pei JuLANp Bese 
uoHIeIpe. pelojue A[Zu;mouyuN seAordureu0ON 
“a0INO0S 
e4yy popusq Ayeaq seAojduio onbyuyoe} 
aye usdo Zuysn uoyjesedo Aydeasoypes Zuyancy 


‘Q01NOS DALJOBO[ PB Porpuvy saAoTdure 
suo}}Biedo soUBUO}UTeUI [e}UeMIedXe Suymcq 


“901N0s UO quINnY} psovid Ajjuapoow voAo|duy 


*10UTB3 
-U09 8BB104S OY} JO JNO SUA 4] BY GOINOS B JO 
AquypyA 9y} Ul peyiomM AlZupMouyun Jopesedy 
‘onbruyoe4 iye-uedo Zujsn uo} 
-eredo oyydelso;pel ZuyMp peayodel eimscdxy 


*[B8].10} BUI 941498 
-O[pel Zuyurejuo0d oes Buyjeiqieo veAo|duy 
“uo 
-eieodo djydeiZojpel Zulinp pesodxe seAo|dug 
“sooAo[dule Z 
Jo uo}{euyUIe}U0S Apog UT pel[Nsel WOT Bole 
ZuyyAIOM 9Y} 01 pedvose Isnp ‘[e]10}eUI 9ATjOV 
-O]PB4 JO JeUTe}UOO B ZuyUedO Jo UOTPBIedo ZuLING 


quapyoUuy JO oINyeN 


“yO MON 


S}OSsNYoRsse yy 


BILIOFTED 


“BUTJOIBO YIION 


SyourIT 


“-==""-anoqo0UUlo9 


~*" "Ss, ISN Sse | 


yIoX MIN 


qnoyoouu09 


PeAafOAuy 
suosied jo 
JOqUINN 


Woy}BVO’'T 


was g fo ssaoxe ut suosiad fo sasnsodza burajoaut syudpi9ur uoNnIpDs 908001] OAV fo huvmwung—g a@1avy, 





“OOSTOOT] OY} UAOIJ MOTSS}UILUOD 943 Aq PeAyooes BBP OBpeq UIT 1 


‘a3peq UI[Y 0} Zulpiocoe wel CEPT OINSOdxa ‘g0.INOs peplesysuN 0} pesod 
Apoq afoy A ‘spuBy 0} poiary] ommsodxe pozeig (poyerno[es) wel 0OO‘T | -xe veAojdure suojesedo [equeurjiedxe Zuying 
“Ulal OZI'0 JO oInsodxe Apoq ojoymM pemoys *SA9AINS UI001 
Speq Ug ‘spuey oy} 07 pou, omsodxq (93peq wily) uel ZOT | GuTINOA BuyurJoOjied ory posodxe soAoldury 
‘aeA0(dure Zujsodxe 9osn0s paves 
(o3peq Wy) Wel OT | Puno Woy peaow Apuseapeuy SHoLIG pve] 
“suray}Al0 
qual[s pomoys pueyy ‘mel g sB poej}ETNoD ‘Ayeatiq ooanos pe_puvy seAo(durg 
-[80 oinsodxe Apoq fou A, *puvy pus sietuy ‘yuouidinbe jo @inirey jeoyaeyoour & Zuymp 
JO sd} 03 pozyuy] .amsodxe jo wonmsod sofeyy |--"--~~ re M194 00Z‘T | GaNpedoid peYst{qgeyse MOTO] 04 pores veAO[dury 
*(poyelnopeo 
Sa.msodxe dA0Qgs [TB ‘pe,ou 
se ydeoxe) (e’peq wy) 
Apoq soy Ulel oF (01) 
“Apoq ofoym ural 2 (6) 
“£poq efoym ule g (8) 
“Apoq efoym ural g (2) 
‘Apoq ofoym ulelg (9) 
"£poq aoa ules g (¢) 
“puBy Ol} 0} U0] OOF ‘spuey 
pue A SOYA Ulel FE (fF) | UI GOINOS Ploy SUOSsIed Z ‘soINSOdXa paAleoo 
‘Apoq ofoyM Ulel 97 (g) | BABY OF UMOUY glam suOsied QT 9UIT) YoIyM 
“Apoq ofoym wel 97 (Z) | 3ujnp sfep F IMoqe Joj Bere UOTJONIYsSUOD 
‘puey oy} 0} ual 006‘ | Ul peuyeurel pue juemidinbs moy peyovjep | 
pue Apog ejoyM ule! 1g (1) | suTBeq voINOS suO}eJedo O1YdeIZOTpel ZuLING | OT 


g 
E 
M 
Z 
a 
° 
o 
2 
: 
a 
° 
ce 
a 
Z 
“ 
RD 
a 
= 
< 
N 
< 
q 
Z 
S 
>) 
< 
a 
< 
oo 





APPENDIXES 


Apprenpix A-1 
Recommendations of NCRP 1931-58 


Date 


X-ray protection May 16, 1931. 
Superseded by H20. 

Radium Lane ne pom for amounts up to 300 milligrams Mar. 17, 1934, 
Superseded by H23. 

X-ray protection July 24, 1936. 
Superseded by Hl. 

Radium protection Aug. 25, 1938, 
Superseded by H54. 

Medical X-ray protection up to 2,000,000 volts. ‘ j Mar. 30, 1949, 
Superseded by H60 

Safe handling of sadinastion isotopes. September 1949. 

Control and removal of radioactive contaminaticn in laboratories Dee. 15, 1951. 


Recommendations for waste disposal of phosphorus 32 and iodine 131 for | Nov. 2, 1951. 
medical users. 


Radiological monitoring methods and instrumen Apr. 7, 1952. 

Maximum permissible amounts of radioisotopes th the human aay and ar. 20, 1953. 
maximum permissible concentrations in air and Water. 

Recommendations for the dis of carbon 14 wastes_.- sonercatnnche) MeCts, Min Mees 

Protection against radiations from radium, cobalt 60, and cesium 137 .| Sept. 1, 1954 


on against betatron-synchrotron radiations up to 100,000,000 elec- | Feb. 26, 1954. 
tron volts. 


Safe handling of cadavers containing radioactive isotopes. .-.-.... tel 
Radioactive-waste disposal in the ocean Aug. 25, 1954. 
Permissible dose from external sources of ionizing radiation Sept. 24, 1954. 
X-ray protection Dee. 1, 1955. 
Regulation of radiation exposure by legislative means... - ..--| Dec. 9, 1955. 
Protection against neutron radiation up to 30,000,000 electron volts. Nov. 22, 1957. 
Safe handling of bodies containin radioactive isotopes (a guide for sur- July 10, 1958. 
geons, pathologists and general directors). 


53 
oF 
55 
56 
58 
358 
60 
61 
63 
65 


APPENDIX A-2 


MEMBERSHIP LIST, NATIONAL COMMITTEE ON RADIATION 
PROTECTION AND MEASUREMENTS (NCRP) 


Revised November 1, 1958 


Chairman: Lauriston S. Taylor 
Secretary: Sarah W. Raskin 


EXEcUTIVE COMMITTEE 


Members: Members—Continued 
. 8. Taylor, Chairman R. 8. Stone 
. C. Barnes Shields Warren 
. B. Braestrup Consultants: 
. L. Dunham J. C. Bugher 
. B. Glass G. Failla 
. M. Parker E. G. Williams 


. Powell 
Matin. CoMMITTEE (AND ORGANIZATION REPRESENTED) 


H. L. Andrews, USPHS and Subcommittee Chairman. 
E. GC. Barnes, American Industrial Hygiene Association. 
A. C. Blackman, International Association of Government Labor Officials. 
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C. B. Braestrup, Radiological Society of North America and Subcommittee 
Chairman. 

J. C. Bugher, representative at large. 

R. H. Chamberlain, American College of Radiology. 

W. D. Claus, USAEC. 

C. L. Dunham, USAEC. 

T. P. Eberhard, American Radium Society and Subcommittee Chairman. 

T. C. Evans, American Roentgen Ray Society. 

G. Failla, representative at large. 

J. W. Healy, Health Physics Society and Subcommittee Chairman. 

P. C. Hodges, American Medical Association. 

M. Kleinfeld, International Association of Government Labor Officials. 

H. W. Koch, Subcommittee Chairman. 

W. Langham, Subcommittee Chairman. 

R. M. Lechausse, Colonel, U.S. Air Force. 

G. V. Leroy, Subcommittee Chairman. 

W. B. Mann, Subcommittee Chairman. 

W. A. McAdams, Atomic Industrial Forum and Subcommittee Chairman. 

G. M. MeDonnel, Lieutenant Colonel, U.S. Army. 

G. W. Morgan, Subcommittee Chairman. 

K. Z. Morgan, Health Physics Society and Subcommittee Chairman. 

R. J. Nelsen, American Dental Association. 

R. R. Newell, American Roentgen Ray Society. 

C. Powell, USPHS. 

E. H. Quimby, American Radium Society and Subcommittee Chairman. 

S. W. Raskin, NBS. 

J. A. Reynolds, National Electrical Manufacturers Association. 

H. H. Rossi, Subcommittee Chairman. 

M. D. Schulz, American College of Radiology. 

. 8. Skaggs, Subcommittee Chairman. 

H. Sterner, American Industrial Hygiene Association. 

S. Stone, Radiological Society of North America. 

.. 8. Taylor, NBS. 

). D. Trout, National Electrical Manufacturing Association. 

lds Warren, representative at large. 

. L, Weatherwax. 

. G. Williams, USPHS. 

. F. 
O. 


~ 


os 
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— 


3) 
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ohn 
o. 
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TM 


Williams, Captain, MC USN. 
Wyckoff, NBS. 


<x 


SUBCOMMITTEE 1. PERMISSIBLE Dose From EXTERNAL SOURCES 


A. H. Dowdy H. J. Muiler C. Stern 
G. Failla H. M. Parker R. 8. Stone 
H. Friedell 


Norse.—The work of this subcommittee is temporarily the responsibility of the 
Executive Committee together with the subcommittee members. 


SUBCOMMITTEE 2. PERMISSIBLE INTERNAL DosE 


K. Z. Morgan, Chairman J. W. Healy J. E. Rose 

A. M. Brues J. B. Hursh W. S. Snyder 
P. Durbin L. D. Marinelli Shields Warren 
G. Failla 


SuscommitTgee 3. X-Rays up To 2 Muinsron Vorts 


T. P. Eberhard, Chairman E. Miller R. R. Newell 
C. B. Braestrup J. M. Mozley S. W. Smith 
E. Focht R. J. Nelsen E. D. Trout 
J. Hale 


Suscommitrere 4. Heavy Partictes (NevurroNs, Protons, AND HEAVIER) 


H. H. Rossi, Chairman D. B. Cowie W. 8. Snyder 
E. P. Plizard T. C. Evans C, A. Tobias » 
R. 8. Caswell D. J. Hughes 

F. P. Cowan L. D, Marinelli 
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tee 


H. W. Koch, Chairman 
G. C. Baldwin 
C. B. Braestrup 
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SuspcommiTTEr 5. Etecrrons, GAMMA Rays aNp X-Rays AsBove 2 MILLION 


Vo.Lts 
D. B. Cowie L. D. Marinelli 
U. Fano D. Scag 
J. 8. Laughlin L. 8. Skaggs 


SuBcoMMITTEE 6. HANDLING oF RaproacTivE IsoTorES AND Fisston Propucts 


J. W. Healy, Chairman 
P. C. Aebersold _ 

G. Failla 

8. Feitelberg 


D. Hull W. K. Sinclair 

L. D. Marinelli M. M. D. Williams 
H. M. Parker 

J. E. Rose 


SuBcoMMITTEE 7. MonrtTroRING METHODS AND INSTRUMENTS 


H. L. andrews, Chairman 
C. B. Braestrup 
J. W. Healy 


R. Lap E. G. Williams 
W. H. Ray 
J. E. Rose 


SuBCOMMITTEE 8. Waste DisposaL AND DECONTAMINATION 


Norre.—This subcommittee has been inactivated. 


SuBCOMMITTEE 9. ProTection AGatnsT Rapiations From RA, CO, anp 
CS? EncapsuLaTEeD Sources 


C. B. Braestrup, 
Chairman 

H. Blatz 

M. Brucer 


T. P. Eberhard E. L. Saenger 
G. Ferlazzo W. K. Sinclair 
J. R. Mason H. O. Wyckoff 


E. H. Quimby 


SuBCOMMITTEE 10. REGULATION oF RapDIATION ExposurE Dose 


W. A. McAdams, 
Chairman 
P. Hodges 


W. H. Ealls 
G. C. Frampton 
L. M. Hydeman 


Working group 


J. Lieben L. Rogers 

E. P. Pendergrass L. 8. Taylor 

J. A. Reynolds J. C. Terrill, Jr. 
Advisory group 

M. Kleinfeld F. A. Norton 

L. Manning M. Stein 

R. R. Newell E. Dale Trout 


SUBCOMMITTEE 11. INCINERATION oF RADIOACTIVE WASTE 


f the G. W. Morgan, Chairman 


R. C, Corey 


A. A. Lieberman 
L. Silverman 


S. Feitelberg 
W. H. Langham 


SuBCOMMITTEE 12. ELectron PROTECTION 


L. 8. Skaggs, Chairman 
E. A. Burrill 


E. H. Quimby, Chairman 


H. W. Koch R. F. Post 
J. 8. Laughlin E. D. Trout 
SuBcoMMITTEE 13. Sarge HaNpDLING or Boprrs ConTAINING RADIOACTIVE 
IsoToPEs 
L. R. Peet R. Yalow 
W. B. Stewart E. G. Maier, consultant 


8. Feitelberg 


34434—59——8 
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SuBCOMMITTEE 14. PERMISSIBLE ExposurE Doses UNpER EMERGENCY 
CONDITIONS 


Members 


. V. Leroy, Chairman G. Dunning L. 8. Taylor 

. L. Andrews E. Green E. G. Williams 
. Blair P. Henshaw 

. Casarett R. Hasterlik 


Consultants 


>. B. Braestrup L. H. Garland G. A. Sacher 

. F. Brown L. H. Hempelmann R. 8. Stone 
J. Bugher R. D. Huntoon Shields Warren 
A. H. Dowdy H. M. Parker 


SUBCOMMITTEE M-1. STANDARDS AND MEASUREMENT OF RADIOACTIVITY FOR 
RaDIOLoGIcaL UsE 
Members 


W. B. Mann, Chairman’ K. W. Geiger R. Rugh 
T. P. Eberhard W. Gross W. K. Sinclair 


Consultants 


J. Campion 8. D. Garfinkle S. A. Reynolds 
L. Comar E, H. Quimby H. H. Seliger 


P. 
C. 


TASK GROUPS 


(1) Preparation of Standards and Procedures for Their Measurement 


K. W. Geiger, Chairman S&S. B. Garfinkle J. A. Reynolds 

P. J. Campion 

(2) Preparation and Measurement of Radionuclides for Clinical and Biological 
Application 


W. K. Sinclair, Chairman §. Feitelberg E. H. Quimby 
C. B,. Comar W. Gross 
T. P. Eberhard John Hale 


SuBCOMMITTEE M-2. STANDARDS AND MEASUREMENT OF RADIOLOGICAL 
Exposure Dossr 


Members 


H. O. Wyckoff, Chairman C. Garrett R. R. Newell 
. B. Braestrup J. Hale 
R. 8S. Caswell J. 8. Laughlin 


Consultants 


W. A. Jennings J. 8S. Pruitt R. Robbins 
A. McCrea G. R. Ringo K. C. Tsien 
R. T. Mooney R, H. Ritchie E. Tochilin 


TASK GROUPS 
(1) Instruments for Measurement in Roentgens 
H. O. Wyckoff, Chairman C. Garrett 


(2) Measunement of Radiation Output of Protons and Electrons 
J. 8. Pruitt, Chairman. 
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(3) Measurement of Neutron Fluz and Spectra 


R. 8. Caswell, Chairman ; R. H. Ritchie 
G. R. Ringo E. Tochilin 


(4) Clinical Measurement of Exposure Dose and Depth Dose 


C. B. Braestrup, Chair- J. Hale R. T. Mooney 
man W. A. Jennings R. Robbins 
C. Garrett A. McCrea K. C. Tsien 


SuBCOMMITTEE M-3. STANDARDS AND MEASUREMENT OF ABSORBED RADIATION 
DosE 


Members 


H. O. Wyckoff, Chairman H. M. Parker G. N. Whyte 
G. 8. Hurst W. C. Roesch 
H. W. Koch H. H. Rossi 


Consultants 


H. Attix W. Gross 
N. Berger H. 

R. 8S. Caswell F, 
D. V. Cormack ae 


G J. A. Sayeg 

E. Johns R. H. Schuler 
C. Maienschein R. W. Wallace 
W. Motz 


F. 
N, 


TASK GROUPS 
(1) Measurement of Absorbed Dose of Neutrons, and of Mixed Neutrons and y-Rays 
G. 8. Hurst, Chairman H. H. Rossi R. W. Wallace 
R. 8. Caswell J. A. Sayeg 
F.C. Maienschein R. H. Schuler 

(2) Measurement of and Data on Spectra of X-rays and Electrons 

H. W. Koch, Chairman H. E. Johns J. W. Motz 
D. V. Cormack J. 8. Laughlin 

(3) Measurement of Stopping Power Ratios and Analysis of Present Data 
W. C. Roesch, Chairman M. Berger G. N. Whyte 
F. H,. Attix W. Gross 

SusBcoMMITTEE M-—4. ReLativE BIoLoGicaL EFrFrEcTIVENESS 
Members 


W. H. Langham, T. C. Evans C. A. Tobias 
Chairman M. P. Finkel A. C. Upton 

V. P. Bond J. N. Stannard 

R. D. Evans J. B. Storer 


Consultants 


A. Blair H. I. Kohn R. E, Zirkle 
A. M. Brues 


Dr. Paul Aebersold, Office of Industrial Development (USAEC), Washington, 
D.C 


Dr. H. L. Andrews, U.S. Publie Health Service, National Institutes of Health, 
Bethesda, Md. 

*Mr. Frank H. Attix, Washington, D.C. 

Dr. G. C. Baldwin, General Engineering Laboratory, General Electric Co., 
Webounetaees N.Y. 

Mr. BE. ©. Barnes; Westinghouse Electric Corp. ., Pittsburgh, Pa. 

*Dr. Martin Berger, Radiation Theory Section, National Bureau of Standards, 
Washington, D.C 
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Mr. Alfred C. Blackman, Division of Industrial Safety, California Department of 
Industrial Relations, San Francisco, Calif. 

Dr. Harry Blair, Director AEC Projects, University of Rochester, Rochester, 
N.Y 


Dr. Hanson Blatz, New York Operations Office (USAEC). 

Dr. E. P. Blizard, Oak Ridge National Laboratory, Oak Ridge, Tenn. 

a? yer =. Bond, Brookhaven National Laboratory, Upton, Long Island, 

Ne B. Braestrup, Physics Laboratory, Francis Delafield Hospital, New York, 

*Dr. Reynold F. Brown, Physical Division, Radiation Safety, University of 
California School of Medicine, San Francisco, Calif. 

Dr. Marshall Brucer, Medical Division, Oak Ridge Institute Nuclear Studies, 
Oak Ridge, Tenn. 

Dr. A. M. Brues, Director Biology Division, Argonne National Laboratory, 
Lemont, Ill. 

Dr. John C. Bugher, Medical Education and Public Health, Rockefeller Founda- 
tion, New York, N.Y. 

Mr. E. A. Burrill, High Voltage Engineering Corp., Cambridge, Mass. 

*Mr. P. J. Campion, Atomie nergy of Canada, a Ontario, Canada. 


Dr. George Casarett, University of Rochester, Rochester, N.Y. 

Dr. Randall 8. Casw ell, Neutron Physics Section, National Bureau of Standards, 
Washington, D.C. 

Dr. Richard H. Chamberlain, University of Pennsylvania Hospital, Philadelphia, 
P 


a. 
Dr. lies D. Claus, Division of Biology and Medicine (USAEC), Washington, 
D 


a C. ye eke New York State Veterinary College, Cornell University, 

thaca, N.Y. 

Mr. R. C. Corey, Division of Solid Fuels Technology, Bureau of Mines Region V 
(Interior), Pittsburgh, Pa. 

*Dr. D. V. Cormack, Saskatoon Cancer Clinic, University Hospital. Saskatoon, 
Saskatchewan, Canada. 

Dr. F. P. Cowan, Brookhaven National Laboratory, Upton, Long Island, 7 

Dr. Dean B. Cowie, Terrestrial Magnetism Department, Carnegie lottitetion, 
Washington, D.C. 

Dr. Andrew H. Dowdy, UCLA School of Medicine, Los Angeles, Calif. 

cae L. Dunham, Division of Biology and Medicine (USAEC), Washington, 


Mr. ‘Gordon Dunning, Division of Biology and Medicine (USAEC), Washington, 
D.C 


— Patricia Durbin, Crocker Laboratory, University of California, Berkeley, 

alif. 

*Mr. William H. Ealls, Coordinator of Atomic Development Activities, State of 
Ohio, Columbus, Ohio. 

Dr. Theodore P. Eberhard, St. Joseph’s Mercy Hospital, Ann Arbor, Mich. 

Dr. Robley D. Evans, Department of Physics, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Dr. Titus C. Evans, State University of Iowa, Iowa City, Iowa. 

Dr. G. Failla, Radiological Department, Columbia University, New York, N.Y. 

Dr. Ugo Fano, Radiation Theory Section, National Bureau’ of Standards, Wash- 
ington, D 

Dr. Sergei Feitelberg, Mount Sinai Hospital, New York, N.Y. 

Mr. G. Ferlazzo, College of Medicine, State University of New York, Syracuse, 
N.Y. 

Dr. Miriam P. Finkel, Argonne National Laboratory, Lemont, III. 

Miss E. Focht, Department of Radiology, New York Hospital, New York, N.Y. 

*Prof. George C. Frampton, College of Law, University of Illinois, Urbana, Il. 

Dr. H. Friedell, Western Reserve University, Cleveland, Ohio. 

*Mr. Samuel B. Garfinkle, National Bureau of Standards, Radioactivity Section, 
Washington, D.C. 

*Dr. L. H. Garland, 450 Sutter Street, San Francisco, Calif. 

Dr. C. Garrett, Radiology Laboratory, National Research Council, Ottawa, 
Ontario, Canada. 

Dr. K. W. Geiger, Radiology Laboratory, National Research Council, Ottawa, 
Ontario, Canada. 


Notre.—Names marked with an asterisk are consultants. 
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Dr. H. aie Glass, Department of Biology, Johns Hopkins University, Balti- 
more, { . 

Prof. Earl Green, Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. 

ee arm Gross, Department of Radiology, Columbia University, New York, 


Dr. John Hale, Department of Radiology, University of Pennsylvania Hospital, 
Philadelphia, Pa. 
Dr. R. Hasterlik, Argonne Cancer Research Hospital, Chicago, Ill. 
ae “ty Healy, Health Physics Division, G. E. Nucleonics Project, Richland, 
asn. 
*Dr. Louis H. Hempermann, Strong Memorial Hospital, Rochester, N.Y. 
~~ - Henshaw, Division of Biology and Medicine (USAEC), Washington, 


Dr. Paul Hodges, Department of Radiology, University of Chicago, Chicago, Ill. 
Dr. D. J. Hughes, Brookhaven National Laboratory, Upton, Long Island, N.Y. 
Dr. D. Hull, California Research Corp., Richmond, Calif. 
*Dr. Robert D. Huntoon, National Bureau of Standards, Washington, D.C. 
Dr. John B. Hursh, Division of Radiology and Biophysics, University of Rochester, 
School of Medicine, Rochester, N.Y. 
Dr. G. 8. Hurst, Health Physics Division, Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 
*Mr. Lee a Hydeman, Division of Licensing and Regulation (USAEC), Wash- 
ington, D.C. 
Dr. W. A. Jennings, Royal Northern Hospital, London N. 7, England. 
*Dr. H. E. Johns, Ontario Cancer Institute, Toronto, Ontario, Canada. 
Dr. Morris Kleinfeld, Division of Industrial Hygiene, New York Department of 
Labor, New York, N.Y. 
Dr. H. W. Koch, High Energy Radiation Section, National Bureau of Standards, 
Washington, D.C. 
ae ~ Sad I. Kohn, Medical Center, University of California, San Francisco, 
ali 
Dr. W. H. Langham, Biomedical Research, Los Alamos Scientific Laboratory, 
Los Alamos, N. Mex. 
Dr. Ralph Lapp, Arlington Towers, Arlington, Va. 
Dr. John Laughlin, Physics Department, Memorial Hospital, New York, N.Y. 
Col. Ralph M. Lechausse, USAF (MC), Office of the Surgeon General, Head- 
quarters U.S. Air Force, Washington, D.C. 
Dr. Jan Lieben, Division of Industrial Health, Pennsylvania Department of 
Health, Harrisburg, Pa. 
Dr. George V. Leroy, Billings Hospital, University of Chicago, Chicago, II. 
a a A. Lieberman, Division of Reactor Development (U AEC), Washington, 
dC. 
*Dr. F. C. Maienschein, Oak Ridge National Laboratory, Oak Ridge, Tenn. 
*Mr. Emil G. Maier, Funeral Directors, Embalmers and Undertakers Union, 
New York, N.Y. 
Dr. W. ie sets Radioactivity Section, National Bureau of Standards, Wash- 
ington, D.C. 
*Mrs. Lucy Manning, U.S. Department of Labor, Washington, D.C. 
Dr. L. D. Marinelli, Argonne National Laboratory, Lemont, Ill. 
Dr. cane ~ Mason, Division of Licensing and Regulation (USAEC), Wash- 
ington, 
Mr. W. A. McAdams, Engineering Standards Service, General Electric Co., 
Schenectady, N.Y. 
*Miss Alice McCrea, Argonne Cancer Research Hospital, Chicago, Ill. 
Lt. Col. G. M. MeDonnel (MC), Special Assistant to Surgeon General for 
Nuclear Energy, Office of Surgeon General, Washington, D. 
Dr. Earl E. Miller, University of California Hospital, n Tiikasiben, Calif. 
a a T. Mooney, Physies Laboratory, Francis Delafield Hospital, New York, 
a G. W. Morgan, Division of Licensing and Regulation (USAEC), Washington, 
Cy 
Dr. Karl Z. Morgan, Health Physics Department, Oak Ridge National Labora- 
tory, Oak Ridge, Tenn. 
—_ Joseph W. Motz, X-ray Section, National Bureau of Standards, Washington, 
C. 
Dr. J. M. Mozley, Johns Hopkins Hospital, Baltimore, Md. 
Dr. H. J. Muller, University of Indiana, Bloomington, Ind. 
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Pittsburgh, Pa. 

Dr. Milford D. Schulz, Massachusetts General Hospital, Boston, Mass. 

*Dr. Howard H. Seliger, Radioactivity Section, National Bureau of Standards, 
Washington, D.C. 
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ex. 
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AppENpIx A-3 
MaxXIMUM PERMISSIBLE RADIATION ExposuREs TO MAN ! 
INTRODUCTION 


On January 8, 1957, the National Committee on Radiation Protection and 
Measurements issued a Preliminary Statement setting forth its revised philosophy 
on Maximum Permissible Radiation Exposures to Man.? Since that time several 
of the NCRP subcommittees have been actively studying the necessary revisions 
of their respective handbooks. These studies have shown the need for (1) clarifi- 
cation of the earlier statement and (2) modification or extension of some of the 
concepts in that statement. Furthermore, the International Commission on 
Radiological Protection has made minor changes in their recommendations. 
Accordingly the NCRP has prepared a set of guides, given below, that will assure 
uniformity in the basic philosophy to be embodied in the various handbooks. 
Since many of the handbooks are followed closely in planning radiation operations 
in the United States, and since the modification of a handbook may require 
many months of effort, it seems wise to make the overall guiding principles 
available in advance of the reissuance of the revised handbooks. These guides 
are not designed to take the place of any of the handbooks; the principles given 
below will be extensively treated later in appropriate places. In the meantime 
— revisions or supplementary statements will be issued as rapidly as 
possible. 

Since the statement of an average per capita dose for the whole population 
does not directly influence the substance of the NCRP Handbooks, no further 
statements regarding such a number will be made at this time. In any discussion 
of the MPD it is impractical to take into consideration the dose from natural 
background and medical or dental procedures. 

The changes in the accumulated MPD are not the result of positive evidence of 
damage due to use of the earlier permissible dose levels, but rather are based on the 
desire to bring the MPD into accord with the trends,of scientific opinion; it is 
recognized that there are still many uncertainties in the available data and infor- 
mation. Consideration has also been given to the probability of a large future 
increase in radiation uses. In spite of the trends, it is believed that the risk in- 
volved in delaying the activation of these recommendations is very small if not 
negligible. Conditions in existing installations should be modified to meet the 
new recommendations as soon as practicable, and the new MPD limits should be 
used in the design and planning of future apparatus and installations. Because of 
the impact of these changes and the time required to modify existing equipment 
and installations, it is reeommended on the basis of present knowledge that a 

1 Addendum to National Bureau of Standards Handbook 59, “Permissible Dose From External Source 


of Ionizing Radiations’’ (extends and replaces insert of January 8, 1957). 
2 NBS Tech, News Bul. 41, 17 (February 1957). 
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conversion period of not more than 5 years from January 1957 (see footnote 1) 
be adopted within which time all necessary modifications should be completed. 

The basic rules and the operational guides outlined below are intended to be in 
general conformity with the philosophy expressed in the 1953 statement of the 
ICRP, as revised in April 1956 and March 1958. 


GUIDES FOR THE PREPARATION OF NCRP RECOMMENDATIONS 


It is agreed that we should make clear distinction between basic MPD rules 
or requirements, and operational or administrative guides to be used according to 
the special requirements in any particular situation. Guides have the distinct 
value of retaining some reasonable degree of uniformity in the interpretation of 
the basic rules. 

The risk to the individual is not precisely determinable but, however small, it is 
believed not to be zero. Even if the injury should prove to be proportional to the 
amount of radiation the individual receives to the best of our present knowledge, 
the new permissible levels are thought not to constitute an unacceptable risk. 
Since the new rules are designed to limit the potential hazards to the individual 
and to the reproductive cells, it is therefore, necessary to control the radiation 
dose to the population as a whole, as well as to the individual. For this reason, 
maximum permissible doses are set for the small percentage of the whole popula- 
tion who may be occupationally exposed, in order that they not be involved in 
risks greater than are normally accepted in industry. Also radiation workers 
represent a somewhat selected group in that individuals presumably of the greatest 
susceptibility (i.e., infants and children) are not included. However, for the 
persons located immediately outside of controlled areas but who may be exposed 
to radiation originating in controlled areas, the permissible level is adjusted down- 
ward from that in the controlled area because the number of such persons may not 
be negligible. With this downward adjustment, the risk to the individual is 
negligible so that small transient deviations from the prescribed levels are un- 
important. 

ontrols of radiation exposure should be adequate to provide reasonable 
assurance that recommended levels of maximum permissible dose shall not be 
exceeded. In addition, the NCRP reemphasizes its long-standing philosophy that 
radiation exposures from whatever sources should be as low as practical. 


DEFINITIONS 


For the purposes of these guides, the following definitions are given: 

Controlled area.—A defined area in which the occupational exposure of personnel 
to radiation or to radioactive material is under the supervision of an individual 
in charge of radiation protection. (This implies that a controlled area is one 
that requires control of access, occupancy, and working conditions for radiation 
protection purposes.) 

Workload.—The output of a radiation machine or a radioactive source inte- 
grated over a suitable time and expressed in appropriate units. 

Occupancy factor.—The factor by which the workload should be multiplied to 
correct for the degree or type of occupancy of the area in question. 

RBE dose.—RBE stands for relative biological effectiveness. An RBE dose 
is the dose measured inrems. (This is discussed in the report of the International 
sceeriee on Radiological Units and Measurements, 1956, NBS Handbook 62, 
p. 7. 

BASIC RULES 


1. Accumulated dose (radiation workers) 

A. External exposure to critical organs.— 

Whole body, head land trunk, active blood-forming organs, or gonads: The 
maximum permissible dose (MPD), to the most critical organs, accumulated at 
any age, shall not exceed 5 rems multiplied by the number of years beyond age 
18, and the dose in any 13 consecutive weeks shall not exceed 3 rems.’ 

Thus the accumulated MPD=(N—18)X5 rems, where N is the age in years 
and is greater than 18. 

Comment: This applies to radiation of sufficient penetrating power to 
affect a significant fraction of the critical tissue. (This will be enlarged upon 
in the revision of H59.) 


3 The quarterly limitation of 3 rems in 13 weeks is basically the same as in H59 except that it is no longer 
related to the old weekly dose limit, The yearly limitation is 12 rems instead of the 15 rems as given in the 
NCRP preliminary recommendations of January 8, 1957. 
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B. External exposure to other organs.— 

Skin of whole body: MPD=—10 (N-18) rems, and the dose in any 13 consecutive 
weeks shall not exceed 6 rems.* 

Comment: This rule applies to radiation of low penetrating power. See 
figure 2, H59. 

Lens of the eyes: The dose to the lens of the eyes shall be limited by the dose 
to the head and trunk (A, above). 

Hands and forearms, feet and ankles: MPD=75 rems/year, and the dose in 
any 13 consecutive weeks shall not exceed 25 rems.5 

C. Internal exposures.—The permissible levels from internal emitters will be 
consistent as far as possible with the age-proration principles above. Control 
of the internal dose will be achieved by limiting the body burden of radioisotopes. 
This will generally be accomplished by control of the average concentration of 
radioactive materials in the air, water, or food taken into the body. Since it 
would be impractical to set different MPC values for air, water, and food for radia- 
tion workers as a function of age, the MPC values are selected in such a manner 
that they conform to the above-stated limits when applied to the most restrictive 
case, viz, they are set to be applicable to radiation workers of age 18. Thus, 
the values are conservative and are applicable to radiation workers of any age 
(assuming there is no occupational exposure to radiation permitted at age less 
than 18). The factors entering into the calculations will be dealt with in detail 
in the forthcoming revision of Handbook 52. 

The maximum permissible average concentrations of radionuclides in air and 
water are determined from biological data whenever such data are available, or 
are calculated on the basis of an average annual dose of 15 rems for most indi- 
vidual organs of the body,® 30 rems when the critical organ is the thyroid or skin, 
and 5 rems when the gonads or the whole body is the critical organ. For bone 
seekers the maximum permissible limit is based on the distribution of the deposit, 
the RBE, and a comparison of the energy release in the bone with the energy 
release delivered by a maximum permissible body burden of 0.1 ug Ra*®* plus 
daughters. 


2. Emergency dose (radiation workers) 


An accidental or emergency dose of 25 rems to the whole body or a major 
portion thereof, occurring only once in the lifetime of the person, need not be 
included in the determination of the radiation exposure status of that person 
(see p. 69, H59).? 


8. Medical dose (radiation workers) 


Radiation exposures resulting from necessary medical and dental procedures 
need not be included in the determination of the radiation exposure status of the 
person concerned.’ 


4. Dose to persons outside of controlled areas 


The radiation or radioactive material outside a controlled area, attributable 
to normal operations within the controlled area, shall be such that it is improb- 
able that any individual will receive a dose of more than 0.5 rem in any 1 year 
from external radiation. 

The maximum permissible average body burden of radionuclides in persons 
outside of the controlled area and attributable to the operations within the con- 
trolled area shall not exceed one-tenth of that for radiation workers.’ This will 
normally entail control of the average concentrations in air or water at the point 
of intake, or rate of intake to the body in foodstuffs, to levels not exceeding one- 
tenth of the maximum permissible concentrations allowed in air, water, and food- 
stuffs for occupational exposure. The body burden and concentrations of 
radionuclides may be averaged over periods up to 1 year. 

The maximum permissible dose and the maximum permissible concentrations 
of radionuclides as recommended above are primarily for the purpose of keeping 
the average dose to the whole population as low as reasonably possible, and not 
because of specific injury to the individual. 

Comment: Occupancy-factor guides will be needed by several of the sub- 
committees. It will be important that these do not differ markedly between 
different handbooks. The Executive Committee will endeavor to establish 
a set of uniform occupancy-factor guides. 


4 This is similar to the 1954 (H59) recommendations in that the permissible skin dose is double the whole- 
body dose. H59 made no statement regarding a 13-week limitation. 

5 This is basically the same as the 1954 (H59) recommendations except for the 13-week limitation. 

® This is basically the same as the 1953 (H52) recommendations. 

? This is the same as the 1954 (H59) recommendations. 

* This is basically the same as the recommendations of January 8, 1957. 
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OPERATIONAL AND ADMINISTRATIVE GUIDES 


5. The maximum dose of 12 rems in any 1 year as governed by the 13-week 
limitation, should be allowed only when adequate past and current exposure 
records exist. The allowance of a dose of 12 rems in any 1 year should not be 
encouraged as a part of routine operations; it should be regarded as an allowable 
but unusual condition. The records of previous exposures must show that the 
addition of such a dose will not cause the individual to exceed his age-prorated 
allowance. 

6. The full 3-rem dose should not be allowed to be taken within a short time 
interval under routine or ordinary circumstances (however, see paragraph 2 on 
Emergency Dose above.) Desirably, it should be distributed in time as uniformly 
as possible and in any case the dose should not be greater than 3 rems in any 
13 consecutive weeks. When the individual is not personally monitored and/or 
personal exposure reeords are not maintained, the exposure of 12 rems.in a year 
should not be allowed; the yearly allowance under these circumstances should be 
5 rems, provided area surveys indicate an adequate margin of safety. 

7. When any person accepts employment in radiation work, it shall be assumed 
that he has received his age-prorated dose up to that time unless (1) satisfactory 
records from prior radiation employment show the contrary, or (2) it can be 
satisfactorily demonstrated that he has not been employed in radiation work. 
This is not to imply that such an individual should be expected to routinely 
accept exposures at radiation levels approaching the yearly maximum of 12 rems 
up to the time he reaches his age-prorated limit. Application of these principles 
will serve to minimize abuse. 

8. The new MPD standards stated above are not intended to be applied retro- 
actively to individuals exposed under previously accepted standards. 

9. It is implicit in the establishment of the basic protection rules that at present 
it is neither possible nor prudent to administer a suitably safe radiation protection 
plan on the basis of yearly monitoring only. It is also implicit that at the low 
permissible dose levels now being recommended, there is fairly wide latitude in 
the rate of delivery of this dose to an individual so long as the dose remains within 
the age-prorated limits specified above. In spite of a lack of clear evidence of 
harm due to irradiation at dose rates in excess of some specified level, it is prudent 
to set some reasonable upper limit to the rate at which an occupational exposure 
may be delivered. Therefore, it has been agreed that the dose to a radiation 
worker should not exceed 3 rems in any 13 consecutive weeks. 

10. The latitude that may appropriately be applied in the operational and 
administrative control or occupational exposure will be dictated by two major 
factors (a) the type of risk involved and the likelihood of the occurrence of over- 
exposures and (6) the monitoring methods, equipment, and the dose-recording 
procedures available to the radiation users. Where the hazards are minimal 
and not likely to change from day to day or where there are auxiliary controls 
to insure that the 13-week limitation will not be exceeded, the integration may 
be carried out over periods up to 3 months. Where the hazards are significant 
and where the exposure experience indicates unpredictability as to exposure 
levels, the doses should be determined more frequently, such as weekly, daily, 
hourly, or oftener, as may be required to limit the exposure to permissible values. 

11. For the vast majority of installations (medical and industrial), operation 
is more or less routine and reasonably predictable and it may be expected that 
their monitoring procedures will be minimal. For such installations the protec- 
tion design should be adequate to insure that overexposures will not occur— 
otherwise frequent sampling tests should be specified. Where film badges are 
used for monitoring, it is preferable that they be worn for 4 weeks or longer, 
since otherwise the inaccuracy of the readings may unduly prejudice the radia- 
tion history of the individual. Where operations are not routine or are subject 
to unpredictable variations that may be hazardous, self-reading pocket dosim- 
eters, pocket chambers, or other such devices should also be worn and should 
be read daily or more often as circumstances dictate. 

12. Except for planning, convenience of calculation, design, or administrative 
guides, the NCRP will discontinue the use of a weekly MPD or MPC.® 

13. The Committee has deliberately omitted the discussion of future exposure 
forfeiture for exposures exceeding the MPD on the grounds that any such state- 


ments might lend encouragement to the unnecessary use of forfeiture provisions. 
Aprit 15, 1958. 


* This represents a minor change from the NCRP recommendations of January 8, 1957, but no change 
in the basic MPD. 
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APPENDIX B-1 
U.S. Atomic ENErRGy Commiss1on—AEC Manvan 
TN—0000—198 


TRANSMITTAL NOTICE 
CHAPTER 0524. PERMISSIBLE LEVELS OF RADIATION EXPOSURE 


1. Attached is Chapter 0524 of the AEC Manual, title as above. 

2. This chapter establishes rules governing the AEC and AEC contractors with 
respect to levels of radiation exposure to be used as the maximum permissible 
occupational exposure for their personnel and other persons who may be exposed 
to radiation originating from ABC operations. 

3. Personnel engaged in weapons tests at the Nevada Test Site or Eniwetok 
Proving Grounds are not covered by this chapter. Limits of exposure for them 
and the general population are the subject of separate authorizations. 
ou oe file this Chapter in Part 0500, “Health and Safety,” of your AEC 
Manual. 

R. W. Coox, Deputy General Manager. 
January 9, 1958. 
Effective: February 1, 1958. 


Volume: 0000 General Administration. 
Part: 0500 Health and Safety. 


CHAPTER 0524 PERMISSIBLE LEVELS OF RADIATION EXPOSURE 


0524-01 Purpose and Scope 


This chapter establishes rules governing the AEC and AEC contractors with 
respect to levels of radiation exposure for their personnel (exclusive of those 
actually engaged in weapons tests) and other persons who may be exposed to 
radiation from AEC and AEC contractor operations, and assigns responsibility 


for compliance with these levels. In those instances where a contractor is also an 
AEC licensee, the contract relationships will not exempt him from compliance with 
this directive and the terms of his license. Accordingly, such contractor-licensee 
will normally be obligated to conduct his radiation protection activities under his 
license in accordance with AEC regulation 10 CFR, Part 20, “Standards for 
Protection Against Radiation.” 


0524-02 Policy 


The Commission has adopted the recommendations of the National Committee 
on Radiation Protection and Measurement (NCRP), entitled “‘Maximum Per- 
missible Radiation Exposures to Man,” issued by the NCRP, dated January 8, 
1957, except as modified by d. below. (See appendix AEC 0524-02-A).! The 
Committee’s recommendation? shall be wholly complied with by AEC and 
AEC contractor personnel except that the following instructions shall be applied 
in the interpretation of these recommendations: 

a. Where it is necessary to modify presently existing conditions in order 
to comply with these recommendations for permissible exposure and a con- 
version period has been requested by an appropriate AEC official, an appli- 
cable conversion period not to exceed five years will be determined by agree- 
ment among the Division of Biology and Medicine, appropriate Headquarters 
Divisions, and Operations Offices. 

b. Exposure in excess of a recommended maximum permissible level does 
not in and of itself constitute an injury in the clinical sense. 

c. Accumulation of dose for the year 1958, and thereafter until such time 
as the rule may be modified, shall be guided by recommendation No. 1 of 
appendix 0524-02—A which states that the maximum permissible accumu- 
lated dose in rems at any age, is equal to 5 times the number of years beyond 
age 18, provided no annual increment exceeds 15 rems. That is, MPD, 5 
(N-18) where N is the ‘‘effective age’? on December 31 of any year. Effec- 
tive age shall be taken as the age actually attained between April 1 of that 


1 These NCRP recommendations modify the basic standards listed in AEC Manual Chapter 0550-051. 
2? The NCRP recommendations basically applicable to AEC and AEC contractor operations are summar- 
ized in appendix 0524-02-F, table I, ‘‘Recommended Limits on Exposure to External Radiation,” and 


copendix. 0524-02-G, table Il, ‘““Recommended Limits on Exposure to Internal Radiation (illustrative 
examples).” 
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year and March 31 of the following year, both dates inclusive. It should be 
noted that proposed regulations of the Secretary of Labor prohibit the em- 
ployment in radiation work by industries engaged in interstate commerce of 
persons below the attained age of 18. Recommendation No. 1 also states 
that the value for the maximum permissible accumulated dose to the skin 
(of the whole body) is double the value for whole body and critical organs. 
When the dose only to the extremities is concerned, the maximum permissible 
accumulated dose is 75 rems per year. Note also paragraph 9, of appendix 
0524—02—A regarding previous radiation exposure experience. 

d. The previously recommended limits for weekly and 13-week whole-body 
dose are superseded by the provision that not more than one-fourth of the 
15 rems maximum permissible yearly dose shall be taken in one-fourth of a 
year.’ 4 

e. For internal emitters which have the whole body or the gonad as the 
critical organ, the MPC’s (Maximum Permissible Concentrations) listed in 
NBS Handbook No. 52 are reduced by a factor of 3. All others remain as 
listed, pending a major revision of the Handbook. 

f. Routine medical and dental exposures are not to be considered as part 
of the record of occupational exposures. Under extraordinary circumstances, 
the physician in charge may wish to make some recommendation regarding 
restriction of routine occupational exposure. 

g. It is recognized that recommendation No. 5 of appendix 0524-02-A is 
wholly acceptable as a statement of philosophy and is endorsed as such by 
the Commission. However, AEC cannot influence the quantity of radiation 
received by the population as a whole from all sources of radiation, but. can 
exercise control over the release of radioactive materials to the general environ- 
ment from AEC operations. Therefore, when the exposure of population 
groups outside of controlled areas is considered, radioactive effluents from 
AEC operations shall not be released to the environment in amounts which 
might be expected to expose such members of the general population to more 
than an average whole body dose of 0.5 rem*5* per year or to an average 
concentration of radioactive materials in air and water greater than }4o of 
the maximum permissible concentrations (MCP’s) recommended by the 
NCRP for occupational exposure.’ When there is a reasonable expectation 
that the average radiation dose to any individual in a population group outside 
of controlled areas might approach either of the above limits, adequate 
radiation measurements shall be made in those areas so occupied. 


0524-03 Responsibilities 


031 Directors of Divisions and Offices, Headquarters, are responsible for 
interpreting and applying the instructions of section 0524-02 above to AEC 
employees and Operations Offices under their jurisdiction. 

032 Managers of Operations are responsible for interpreting and applying the 
instructions of section 0524—02 above for permissible exposure to radiation so that 
those operations under their jurisdiction shall fully comply with these instructions 
and shall maintain a level of performance consistent with them. 


MaxIMuM PERMISSIBLE RADIATION ExposurREs TO Man 


A preliminary statement of the National Committee on Radiation Protection 
and Measurement, January 8, 1957 


INTRODUCTION 


Since the publication of NBS Handbook 59 on ‘‘Permissible Dose from External 
Sources of Ionizing Radiation,’’ the National Committee on Radiation Protection 
and Measurement (NCRP) has continued the study and review of its reecommen- 
dations, particularly with respect to genetic effects and the possible shortening of 
average life expectancy due to radiation exposure of a larger fraction of the popu- 


3 This recommendation proposed by the NCRP Executive Committee at its November 18, 1957, meeting 
is adopted in advance of formal approval and issuance by the Main Committee. It is noted, therefore, that 
if there are differences between the proposed and approved recommendation it may be necessary to make 
appropriate amendment to the provisions of this chapter. 

4 Limits of exposure of personnel involved in the actual conduct of weapons tests in Nevada or in the Pa- 
cific Proving Ground are the subject of separate authorization. 

5 Since maximum permissible occupational exposure criteria are herein applied in accordance with recom- 
mendation No. 4 of appendix 0524-02-A, radiation exposures from necessary medical and dental procedures 
shall not be allowed for in the determination of this average whole body dose. 

6 The value 0.5 rem is consistent with the suggestion in paragraph 12 of es 0524-02-A. 

7 Limits of exposure of the population from weapons tests in Nevada or in the Pacific Proving Ground will 
be the subject of a separate authorization. 
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lation. The NCRP proposals resulting from these studies had an important 
influence on the decisions reached by the International Commission on Radiologi- 
cal Protection (ICRP) in Geneva in April 1956, which resulted in a general lower- 
ing of the maximum permissible accumulated dose (MPD) for occupational radi- 
ation exposures, as well as for exposures of the population as a whole. These 
changes are in accord with the informal agreements reached by the ICRP in 
Stockholm in 1952. 

The NCRP has now agreed upon the formulation of revised reeommendations 
on maximum permissible doses which integrate the national and international 
views for practical application. The Committee is pleased to note that the find- 
ings of the ICRP are reinforced by the important information and data provided 
in the subsequent reports of the National Academy of Sciences and the British 
Medical Research Council. 

The changes in the accumulated MPD are not the results of positive evidence of 
damage due to use of the earlier permissible dose levels, but rather are based on the 
desire to bring the MPD into accord with the trends of scientific opinion; it is 
recognized that there are still many uncertainties in the available data and infor- 
mation. -Consideration has also been given to the probability of a large future 
increase in radiation uses. In spite of the trends, it is believed that the risk 
involved in delaying the activation of these recommendations is very small if not 
negligible. Conditions in existing installations should be modified to meet the 
new recommendations as soon as practicable, and the new MPD limits should be 
used in the design and planning of future apparatus and installations. Because 
of the impact of these changes and the time required to modify existing equipment 
and installations, it is recommended on the basis of present knowledge that a con- 
version period of not more than five years be adopted within which time all neces- 
sary modifications should be completed. 


DEFINITIONS 


For the purposes of this preliminary statement, the following tentative defini- 
tions are given: 

Controlied area.—A defined area in which the occupational exposure of personnel 
to radiation or to radioactive material is under the supervision of a radiation 
safety officer. (This implies that a controlled area is.one that requires control of 
access, occupancy, and working conditions for radiation protection purposes.) 

Workload.—The output of a radiation machine or a radioactive source integrated 
over a suitable time and expressed in appropriate. units. 

Occupancy factor.—The factor by which the workload should be multiplied to 
correct for the degree or type of occupancy of the area in question. 

RBE dose.—RBE stands for relative biological effectiveness. An RBE dose 
is the dose measured in rems. (This is discussed in the forthcoming report of 
the International Commission on Radiological Units and Measurement.) 


MPD RECOMMENDATIONS FOR OCCUPATIONAL CONDITIONS (CONTROLLED AREAS) 


1. Accumulated dose.-—The maximum permissible accumulated dose, in rems, 
at any age, is equal to 5 times the number of years beyond age Sarre no 


annual increment exceeds 15 rems. Thus the accumulated MPD=5 (N-18) 
yrems where N is the age and greater than 18. This applies to all critical organs 
except the skin, for which the value is double. 

2. Weekly dose-—The previous permissible weekly whole-body dose of 0.3 rem, 
and the 13-week dose of 3 rems when the weekly limit is exceeded are still con- 
sidered to be the weekly MPD with the above restriction for accumulated dose. 

3. Emergency dose.—An accidental or emergency dose of 25 rems to the whole 
body, occurring only once in the lifetime of the person, shall be assumed to have 
no effect on the radiation tolerance status of that person. (See National Bureau 
of Standards Handbook 59.) 

4. Medical dose-—Radiation exposures resulting from necessary medical and 
dental procedures shall be assumed to have no effect on the radiation tolerance 
status of the person concerned. 


MPD RECOMMENDATIONS FOR THE WHOLE POPULATION 


5. The maximum permissible dose to the gonads for the population of the 
United States as a whole from all sources of radiation, including medical and other 
manmade sources, and background, shall not exceed 14 million rems per million 
of population over the period from conception up to age 30, and one-third that 
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amount in each decade thereafter. Averaging should be done for the population 
group in which crossbreeding may be expected. 


RECOMMENDATIONS FOR INTERNAL EMITTERS 


6. In controlled areas, the permissible radiation levels for internal emitters 
will conform to the general principles outlined above. Where the critical organ 
is the gonad or the whole body, the maximum permissible concentrations of 
radionuclides in air and water will be one-third the values heretofore specified 
for radiation worke s. Where single organs other than the gonads are regarded 
as the critical organ, the present maximum permissible concentrations will 
continue. For individuals outside of controlled areas, the maximum permissible 
concentrations should be one-tenth of those for occupational exposures. (Other 
changes in the maximum permissible concentrations for radionuclides may be 
introduced because of additional information developed since the publication of 
National Bureau of Standards Handbook 52.) 


DISCUSSION OF REVISED RECOMMENDATIONS 


7. The MPD for occupational exposure is based on the absence of detectable 
injury to the individual: It remains at its present level of 0.3 rem/week: for the 
whole body. Where the dose in any week exceeds this value, a dose of 3 rems 
in 13 weeks may be accepted. The 13-week period may start at the beginning 
of the calendar quarter or the beginning of the week during which the permissible 
weekly dose was exceeded. 

8. The rules given in Handbook 59 will be continued for operational and 
administrative purposes, but some of the rules will be modified by provisions 
related to an average yearly limitation of occupational exposure to external 
sources of ionizing radiation of 5 rems to the blood-forming organs, gonads, and 
lens of the eyes, and of 10 rems to the skin. The use of ‘‘5 rems’”’ in the statement 
of the revised rules is for the purpose of design and administration. The critical 
limitation will be that defined for the total accumulated dose in paragraph 1 above. 

9. If a person’s occupational exposure is documented or otherwise known with 
reasonable certainty, he may be permitted to use his reserve exposure in accord- 
ance with paragraphs 1 and 2 above. In all other cases, he shall be assumed to 
have received his maximum accumulated dose as indicated in paragraph 1 above. 

10. It. is eonsidered. that. with the current and proposed low levels of occupa- 
tional exposure, it is presently not necessary to make special allowance for medical 
exposure in conjunction with occupational exposure. This consideration may 
later become important. The effects of medical exposures have long been con- 
sidered by this committee to be the responsibility of the attending physician; 
it is his responsibility to evaluate medical radiation exposure in relation to the 
health of the individual. (See National Bureau of Standards Handbook 59.) 

11. In the determination of the population dose in the vicinity of radiation 
sources, proper consideration should be given to occupancy factor and to work- 
load. The exposure of individuals outside of controlled areas may be integrated 
over periods up to 1 year. 

12. While at the moment it is not feasible to determine the average exposure 
for the population with any reasonable accuracy, the adoption of some figure is 
necessary for planning purposes. For the immediate future, it may be assumed 
that the total integrated RBE dose received by all radiation workers will be small 
in comparison with the integrated RBE dose of the whole population. Further- 
more, persons outside of controlled areas, but exposed to radiation from a con- 
trolled area, constitute only a small portion of the whole population. Therefore, 
if this small portion is assumed to receive yearly an average per capita dose of 
0.5 rem, the total dose to the whole population from man-made radiations is not 
likely to exceed 10 million rems per million of population up to age 30. (This 
assumes a dose of 4 million rems per million of population over this age period 
from background radiation.) 
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TaBLe I.— Recommended limits on exposure to external radiation 


National Committee on Radiation Protection 
and Measurement 


Previous New 


OCCUPATIONAL 


Critical organs (includes the whole body, | 0.3 rem/week 
blood-forming organs, gonads, lenses of the ‘ 
eyes). 5 rems/year.® 
15 rems/year.? 
Skin (whole body) 0.6 rem/week (4). 
10 rems/year.* § 
30 rems/year.’ ¥ 
Extremities (skin dose) 1.5 rems/week & 


NONOCCUPATIONAL 


Individuals in vicinity of,controlled areas !_.| 1.5.rems/year 0.5 rem/year (average). 
General populations (average exposure to | 45 rems/0-30 years (1.5 rems/ | 10 re years (3.3 rems/ 
gonads above background from all sources). year). decade after age 30). 


1 Exposure resulting from plant operation, not including background or medical exposure. 

2 If 0.3 rem/week is exceeded. 

3 Assumes 50 workweeks per year. 
; mM i ia saperted that modification of the NCRP recommendations will result in the dropping of a weekly 

tation 

5 It is expected that modification of the NCRP recommendation will result in the establishment of the 
quarterly limit at 3.75 rems. “ 

6 Average dose/year lifetime occupational. 

7? Maximum in I year. 

&§ Double the MPD for critical organs. 

® Assumes 50 workweeks per year. 


TaBLeE II.—Recommended limits on exposure to internal radiation (illustrative 
examples) 


National Committee on Radiation 
Protection and Measurement 


Previous 


OCCUPATIONAL 


1.5 we Na-24.___- 


APPENDIX B-2 
U.S. Aromic ENERGY Commission—AEC Manuva 
TN 0000-212 
TRANSMITTAL NOTICE 


CHAPTER 0525 OCCUPATIONAL RADIATION EXPOSURE INFORMATION FOR AEC AND 
AEC CONTRACTOR EMPLOYEES 


1. Attached is Chapter 0525, title as above. 

2. ‘This chapter establishes the policy, scope and procedures for the communi- 
cation to AEC and AEC contractor employees of recorded information concernin 
their occupational radiation exposure received during employment in AE 
operations. 

3. It should be noted that if an AEC contractor also conducts work pursuant 
to an AEC license, his employees whose accumulated exposure is from both con- 
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tract and license activities shall be informed of their total radiation exposure in 
accordance with the provisions of this chapter. 
4. Please file this chapter in Part 0500 of your AEC Manual. 


R. E. HoLurncsworts, 
(For R. W. Cook, Deputy General Manager). 
May 13, 1958. Effective: May 13, 1958. 


Volume: 0000 General Administration. 
Part: 0500 Health and Safety. 


CHAPTER 0525 OCCUPATIONAL RADIATION EXPOSURE INFORMATION FOR AEC AND 
AEC CONTRACTOR EMPLOYEES 
0525-01 Purpose 
This Chapter establishes the policy, scope and procedures for the communica- 
tion to AEC and AEC contractor employees of recorded information concerning 
their occupational radiation exposure received during the period of their employ- 
ment. 


0525-02 Policy 


It is the policy of AEC that AEC and AEC contractor employees be informed 
of occupational radiation exposure which has been recorded as having been 
received by them during employment in the AEC program. 


0525-03 Scope 


Where the employer is an AEC contractor his employees are to be informed of 
their radiation exposure from the contract work as specified in Section —05, below. 
If such an employer also conducts noncontract work involving the handling of 
radioactive materials pursuant to the terms of an AEC license, ‘his employees are 
to be informed of their total radiation exposure from both the contract and license 
work as specified in Section -05, below. 


0525-04 Responsibilities 


041 Heads of Divisions and Offices, Headquarters, and Managers of Operations 
are responsible for determining that in AEC and AEC contractor operations under 
their jurisdiction, all employees are: 

a. advised of the provisions of this Chapter and, 

b. informed of their recorded occupational radiation exposure in accord- 
ance with the uniform practices specified in this Chapter, except as provided 
in Subsection 042 below. 

042 The Director, Division of Biology and Medicine, is responsible for in- 
forming AEC Headquarters employees of their recorded radiation exposure in 
accordance with the uniform practices specified in this Chapter. 


0525-05 Uniform Practices 


051 Information entered in an employee’s occupational radiation exposure 
record (exclusive of medical exposures) ! shall be made available to him at his 
request. A reasonable period of time shall be allowed his employer for the 
preparation of such information. 

052 Each employee for whom radiation exposure records are maintained shall 
be informed within thirty days after the close of the calendar year of his total 
recorded whole body radiation exposure dose from external penetrating radiation 
accumulated during the prior calendar year just ended, if the permissible yearly 
exposure as specified in AEC Manual Chapter 0524, PERMISSIBLE LEVELS 
OF RADIATION EXPOSURE, has been exceeded. 

053 An employee shall be notified immediately of his recorded radiation expo- 
sure following the determination, by any technique acceptable to the Division of 
Biology and Medicine, that the employee has received a recorded accumulated 
radiation exposure exceeding any of the following limits specified in AEC Manual 
Chapter 0524: 

a. in any calendar year quarter the quarterly permissible dose for external 
penetrating radiation to the whole body; 

b. in any calendar rr the yearly permissible dose for external penetrating 
radiation to the whole bo 

c. a quantity of any er iakdtéipe (whose effective half life is 180 days or 
greater) in the body estimated to be greater than the maximum permissible 
amount of radioisotope in the total body; or 


1 See AEC Manual Chapter paragraph 0524-02f. 
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d. a quantity of any radioisotope in the body resulting in a calculated dose 
in rads to ae organ exceeding the yearly permissible dose for that organ. 
054 Any employee terminating*his employment shall at his request be pro- 
vided with a written summary of his cumulative recorded occupational radiation 
exposure received during the period of his employment. 


APPENDIX B-3 
U.S. Aromic Enzrey Commission AEC Manvat 
TN—0000—237 
TRANSMITTAL NoTIcE 
CHAPTER 0523 RADIATION EXPOSURE REPORTS 


1. Attached is Chapter 0523. 

2. This chapter establishes requirements for reporting radiation exposures from 
the utilization of radioactive materials or from the use of ionizing radiation 
generating equipment, 

3. Piling instructions: 

a. Please file the attached chapter in Part 0500 of your Manual. 
b. File this Transmittal Notice in Volume, 0000. 


R. E. Houuincsworrs, 


(For General: Manager). 
Effective: October 10, 1958. 


Revised: October 10, 1958. 


Volume: 0000- General Administration. 
Part: 0500 Health and Safety. 


CHAPTER 0523 RADIATION EXPOSURE REPORTS 
0523-01 Purpose 


This chapter establishes requirements for reporting radiation exposures ‘which 
result from the handling and utilization of radioactive materials or from the use 
of ionizing radiation generating equipment. 

0523-02 _. Policy ’ 


The Atomic Energy Commission must be informed and records: must: be: kept 
by AEC and AEC contractor operations of radiation exposures received by in- 
dividuals as a result of AEC activities, and of the effectiveness of its radiological 
protection program,! 


0523-03 Scope 


Reporting requirements extend to activities subject to the authority of the 
Atomic Energy Commission. They do not extend, to the medical aspects of 
alleged radiation exposure injury (see Chapter 0521, “Medical Investigation of 
Alleged Disabilities from Special Hazards’); nor to exposures which result— 

a. under the operation of licenses which are governed by Chapter, 0707, 
“Investigation of Radiation Incidents Inyolving Licensed Material; 10 CFR 
20, “Standards for Protection Against Radiation’, and license provisions; 
except that where the exposure results from both contract and license activi- 
ties, the combined exposure shall be reported; 

b. from weapons testing activities covered by special instructions; 

c. from the use of radiation generating equipment by a recipient of an 
AEC grant or contribution;? or 

d. from the use of radiation or radioactive materials for. medical pro- 
cedures. (See AEC Chapter 0524-02f and Appendix 0524-02-C, 4.) 


0523-04 Responsibilities 


041 Heads of Divisions and Offices, Headquarters, are responsible for— 
a. forwarding to the Divisions of Biology and Medicine, Inspection, Finance, 


Information Services, and Office of Industrial Relations, those reports requir- 
ed by Section 0523-05; and ; 


1 An AEC Manual Chapter will be published establishing minimum standards of performance, uniform 
Procedures and criteria for recording and maintaining personnel rediation exposure records. 

2 This refers to assistance obtained under programs similar to Grants for Equipment for Nuclear Science 
and Engineering Education and Grants for Nuclear Training in Life Sciences. 


34434—59——_-9 
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b. advising the Office of Congressional Liaison, Headquarters, that the 
JCAE be informed of significant radiation exposures. (Bee AEC Manua 
Chapter Subsection 0292-046.) 

042 The Director, Division of Biology and Medicine, is responsible for— 

a. the development and administration of policy and procedures for the 
submission of reports on the radiation exposure of AEC and AEC contractor 
employees and other individuals; and 

b. informing the General Manager, Division of Information Services, and 
Office of Industrial Relations of reports of radiation exposures defined in sub- 
section 0523-052, Special Reports. 

043 The Director, Division of Licensing and Regulation, and Director, Division 
of Inspection, are responsible for making available to the Director, Division of 
Biology and Medicine, all radiation exposure information reported by licensees 
or obtained through investigations. 

044 Managers of Operations :1e responsible for— 

a. notifying Headquarters as soon after the occurrence as possible (byl 
telephone or teletype) of rachation exposures specified in subsection 0523-052; 

b. forwarding summary reporf« cf radiation exposure information specified 
by Section 0523-05 obtained from AEC employees and AEC contractors to 
the Director, Division of Biology and Medicine, through channels; and 

c. providing assistance to the Director, Division of Biology and Medicine, 
in obtaining additional information on radiation exposures reported in 
accordance with Section 0523-05, and radiation exposure information 
required for special studies or reports but not reported in accordance with 
this Chapter. 


0523-05 Reports 


051 Annual Reports.—A report shall be submitted to the Director, Division 
of Biology and Medicine, through channels, prior to February 28 each year, 
summarizing external and internal radiation exposures recorded during the 
previous calendar —_ for AEC and AEC contractor personnel in the course of 
AEC activities. (See Appendix 0523-051-A, Reporting Guide.) 

a. All radiation exposure values shall be estimated by the most generally 
accepted methods and instrumentation available for use at the installation 
reporting. For whole body dose from external penetrating radiation it is 
not expected that depth dose calculations be made but, rather, the radiation 
dose measured at or near the body surface by the personnel meter used 
(e. g., film badge, dosimeter, or pocket ionization chamber) is adequate, and 
for internal body deposition on the basis of the best biological data available 
aa account the circumstances of the specific exposure. 

b. This report shall be prepared in summary form and exposure information 
from each AEC and AEC contractor installation reporting shall be identified 
with its originator. 

c. External whole body exposures * to penetrating radiation (e.g., X-ray, 
gamma, neutron) shall be reported in rem units (see AEC Appendix 0523- 
051-B) which may be determined by applying the appropriate RBE factors. 
recommended by the NCRP in NBS Handbooks No. 59, “Permissible Dose 
from External Sources of Ionizing Radiation,” and No. 63, “Protection. 
Against Neutron Radiation Up to 30 Million Electron Volts,” and shalt 
include— 

1. the approximate number of employees for whom radiation exposure 
monitoring is not required; 

2. the number of individuals for whom there has been recorded an 
estimated yearly accumulated occupational radiation exposure to 
penetrating radiation falling within each of the ranges 0-1, 1-2, 2-3, 
etc., total rem (e.g., an individual whose yearly dose is 999 mrem would 
fall in the 0-1 range but a yearly does of 1,000 mrem would fall in the 
1-2 rem range) ; 

3. for each individual whose recorded estimated yearly accumulated 
occupational radiation exposure to penetrating radiation is greater than 
15 rem there shall be submitted additional information including that 
outlined in Appendix 0523-051—D; and 

4, information regarding the method used to measure and estimate 
rem dose values reported in accordance with this Section. (It is not 


8 The use of rem units is necessary since permissible levels of radiation exposure (see AEC Chapter 0524) 
are expressed in terms of rem units. 
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necessary to give details for each estimated rem dose when general 
methods apply.) 5 

d. Internal radiation exposures from radioactive material deposited in the 
body * reported (see AEC Appendix 0523-051-C) shall include— 

1. the number of cases of internal deposition of radio-active materials 
in the body where on the basis of the best biological data available it 
has been estimated that for a period of six consecutive months the 
deposition of any radioactive material has averaged greater than one- 
half of a permissible amount in the body (specified by AEC Manual 
Chapter paragraph 0524-02e) ; 

2. the number of estimated internal body depositions specified ‘im 
paanee 051.d 1 above (giving the total number new and total num- 

er previously reported) that have been determined to be of specific ag 
well as unidentified radioactive isotopes (e.g., uranium, plutonium, 
tritium, polonium, radium, fission products, iodine 131) ; 

3. for each internal body deposition reported in paragraph 051 d 1, 
above, additional information including that outlined in Appendix 
0523-051-E; 

4. additional information on previously reported cases of internal 
exposure; and ; 

5. at the option of the reporter, pertinent information on exposures 
lower than that specified in paragraph 051 d 1, above. 

052 Special Reports—Unless required by AEC Manual Chapter Section 
0502-05, Managers of Operations shall submit reports specified below on radiation 
exposures as follows: 

a. An immediate report (by telephone or teletype) to the Operating Divi- 
sion Director, Headquarters, of any occurrence related to AEC or AEC 
contractor activities subject to the provisions of this Chapter and involving 
those circumstances specified below. If notification is by telephone, the 
Director, Division of Biology and Medicine, shall also be notified by tele- 
phone. Reports by telephone shall be confirmed the same day by teletype 
with copies to the Headquarters Divisions of Inspection, Finance, and Infor- 
mation Services; and the Office of Industrial Relations: 

1. whenever there is reason to believe that any AEC or AEC con- 
tractor employee or other individual (e.g., visitor, student not on pay- 
roll) on or off-site has, as the result of a single continuous exposure 
received over a short period of time any of the following: 

(a) an external radiation exposure dose greater than 15 rem; or 

(b) an internal body deposition greater than the maximum per- 
missible concentrations of radioisotopes in the body as pposified ty 
AEC Manual Chapter Subsection 0524-02 e, with the exception that 
for tritium the total exposure shall be equivalent to 15 rem; 

2. whenever there is reason to believe that any member of the general 
population off-site may have received as a result of AEC or AEC con- 
tractor activities a radiation exposure greater than those specified for 
external or internal exposure by AEC Manual Subsection 0524—02g; and 

3. whenever it has been determined by the Manager of Operations or 
Headquarters Division Director that circumstances have occurred as a 
result of AEC or AEC contractor activities which are of AEC-public 
information significance.’ ® 

b. An investigation is required if not accomplished under AEC Chapters 
0502 or 0707, and an Investigation Report (see Appendix 0523—052b) sub- 
mitted by the Managers of Operations to the appropeiate Headquarters 
se ose Division Director with copies to the Divisions of Biology and 

Medicine, Finance, Inspection, and Office of Industrial Relations, within 30 
days from the time of determination that any individual has reeeived an 
estimated dose of 25 rems or more of external whole body penetrating radia- 
tion during the calendar year, or that any individual has received an imme- 
diately reportable radiation exposure as defined by Subsection 052a above. 


* Refers to the total body and the internal organs. 

* Public information significance as used herein means where members of the general public received 
information of an event resulting fom AEC or AEC contractor activities which would be regarded as 
detrimental to the health and safety of humans, plants, animals, or property, such an event has AEC- 
my The ers bl into nee ti rning radiatio rted in accordance with Chapter 

e re! of public information. conce! m exposures repo! w 
= = governed by AEC Manual Chapter 3105, Coordination of Oral, Written, and Visual Publie Infor- 
mation Issuances. 
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053 Reports by Washington Designated Off-site Research Contractors.—Wash- 
ington designated off-site research contractors shall be required to submit the 
following to the extent determined reasonable’ by the Manager of rations: 

" annual radiation exposure information specified by Subsection 0523-051; 
an 


b. special reports specified by Subsection 0523-052. 
0523-06 Retention and Disposition of Reports 


Radiation exposure reports F eae meen in accordance with the requirements of 
this Chapter shall be retained for those ee of time prescribed for AEC-direct 
activities by Appendix 0230-091, “AEC Records Schedule 11,” and for AEC 
contractors’ activities by AEC Appendix 0230-092, “AEC Records Schedule 8,” 
and shall be disposed of in accordance with the provisions of AEC Manual 
Chapters 0230 and 0 0231. Special Reports submitted to the Director, Division 
of Biology and Medicine, Headquarters, shall be subject to the provisions of AEC 
Manual Chapters 0230 and 0231 in the same manner as are AEC-direct activities. 
0523-07 References 

The Atomic Energy Act of 1954, Chapter 4, Sections 31, 32; the Recommenda- 
tions of the International Commission on Radiological Protection (ICRP); the 
Recommendations of the National Committee on Radiation Protection and Meas- 
urements (NCRP) as referenced in AEC Manual Chapter 0550, revised; and AEC 
Manual Chapter 0524. 

Reportine GuIpE 


This guide illustrates the summary report format and suggests an outline of 
contents for additional information and investigation reports to be submitted in 
accordance with AEC Chapter 0523. Where feasible, reports should be consistent 
with the examples. 

It is requested that those data reported in tabular form he prepared on large- 
size paper similar to the worksheets used in accounting and that items be spaced 
generously. Investigation Reports may be divided into subject sections. 


Summary of Whole Body Radiation Exposures 
to 


External Penetrating Radiation 
Accumulated During the Year 


Qriginating Office: Date Prepared: 


Tastallation Lat ag No. of estim'd cl REM aia Ser ie in each of following ranges 


35 


” men letters are used for the first time to abbreviate the names of installations, 
show the full name here. 


. Additional information supplied on separate sheets in accordance with paragraph 
0523-051 c. &. should be attached to this report and listed here. 


Checked by: 


1 “to the extent determined reasonable” means where a Washing nae Seated o- 
contractor Is able to justify his incapahility to provide all of the information required without posal epee cost 
or tye the Manager of Operations may determine what information provided by the contractor 
is sufficient to fulfill the reporting requirements of this Chapter. 
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Summary of Radiation oe Resulting In 


Internal Body Deposition a Radioactive Material 
For the Year 


Originating Office: Prepared By: 
Installation No. of a depositions > 1/2 M. P. for a of interest 
exposures 
eer Pu 233] Po] Ral #| 





- When letters are used for the first time to abbreviate the names of 
installations, show the full name here. 

2. Additional information supplied on separate sheets in accordance with 
paragraph 0523-051. d. 5. should be attached to this report and listed here. 

3. Insert s double entry for each isotope of interest -- ome entry for the 
mumber of new (red ink) and one entry for the number of previously reported 
(black ink) body depositions being reported. 


Report oF WHOLE Bopy Dose Greater THAN 15 Rem From EXTERNAL 
PENETRATING RADIATION Exposurs 
1. Date of Report 


2. Personal Information 
a. Name (last, first, middle) 
b. Date of Birth 
c. Place of Birth 
d. Sex 
e, Social Security Number 
8. Occupational Information 
a. Name and address of employer 
b. an ut of oe ‘ tel 
ce. Area of facility employed in during period of exposure 
4. oe eee cenotereel a ini ts we 
pproximate dates for uring which exposure was accumulated 
b. Total estimated radiation dose in rem 
c. Type of radiation involved (e.g., x-ray, gamma, neutron, electrons, 
positrons, heavy particles) 
d. Manner in which personnel radiation dose measurements were made, 
(e.g., film badges, dosimeter, survey meter) 
e. Procedures used for converting units of measurement to REM dose 


values (¢.g., survey meter reading in r times RBE of -_---_-_- for 
eviiaiiemeininii radiation; .......... neutron tracks per square centi- 
meter equals _-_--__-_- rem dose; density of Dupont t 502 film 


in terms of r times RBE of --.-._.--- for, oe db acid son) 
f. Extent to which the permissible ubeemmaaateid radiation dose has 
exceeded with respect to the provisions of AEC Manual Chapter 
A Sony am Radiation E I ti required 
g. copy 0 e ion Exposure Investigation rt 
subsection 0523-052 if completed and not previ submitted 7 
Effective: October 10, 1958. 
Revised: October 10, ‘1958. 





TN-0000-237 
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Report OF RapIATION Exposure RESULTING IN AN ESTIMATED INTERNAL 
Bopy! Deposirion oF Raproactive MateriaL GREATER THAN HALF THE 
Maximum PeERmMIssIBLE LEVEL 


1. Date of Report 
2. Personal Information 

a. Name (last, first, middle) 

b. Date of Birth 

c. Place of Birth 

d. Sex 

e. Social Security Number 

3. Occupational Information 

a. Name and address of employer 

b. Position title of employee 

ec. Area of facility employed in during period of exposure 

4. Radiation, Exposure Information 

a. Approximate dates for period during which exposure was accumulated 

b. Total estimated internal deposition of radioisotopes in microcuries of 
isotope of interest in appropriate organ (e.g., H® in total body, Ra?* 
in bone, Cs? in muscle) 

c. Estimated fraction of the permissible amount of radioisotope deposited 
in the organ of interest 

d. Reference the biological assay procedure used in estimating the amount 
of deposition including the instrumentation (e.g., La-1858, fluoro- 
photometer) 

e. Brief description of working conditions and other circumstances leading 
to exposure and probable mode of entry into the body (e.g., uranium 
machining operation hooded and ventilated, inhalation or ingestion 
suspected) 

f. Other pertinent bioassay and survey data and such interpretation of the 
data as the reporter has been able to make 


INVESTIGATION REPORT OF RADIATION EXPosuURE 


Where contractors have an incident investigation form that provides sufficient 
information, this should be used. In any event, each investigation report should 
include as much of the following information as can be obtained. 

1. Date of report 

. Date or dates covering period in which exposure occurred 

. Name and address of contractor 

. Place where exposure occurred (i.e., name of installation, city, State, geo- 

graphical area not within an incorporated area 


. Number of individuals (animals also if it is known or suspected that some 
have been exposed) believed to have been exposed to radioactive materials 

. Estimate of the total radiation exposure dose and radioisotope responsible 
for exposure 

. Media by which radioactive material was transported (e.g., gaseous effluent, 
airborne particles, aqueous effluent released se airborne vapor) 


. Personal information regarding individuals ex (e. g., name, home address, 
date of birth, place of birth, sex, social security number, employer’s name 
and address, occupation at time of exposure) 

9. Description of events leading up to and including the occurrence 

10. Description of the role played by personnel, operating and emergency pro- 
cedures, facilities, equipment, geographical location (topography) 

11. Such interpretation as the reporting office may be able to make of the resulting 
conditions 

12. Comments and suggestions that can be made to assist in the prevention of 
similar events 

13. Description of survey instruments, monitoring procedures, analytical methods, 
standards for interpretation, and any other information concerning the 
manner in which radiation exposure was estimated and evaluated 

14. Name and address of contractors’ insurance company and whether or not the 
insurance company has been informed 


4**Body”’ refers to all organs within the body and the whole body as an organ, 
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APPENDIX B-4 
U.S. Atomic Energy Commisston—AEC Manvat 
“TN—0000—238 
TRANSMITTAL NOTICE 


REVISION: CHAPTER 0502 INJURY, FIRE, AND PROPERTY DAMAGE-——RECORDS, 
REPORTS, AND INVESTIGATIONS 


1. Revision has been made to Chapter 0502 as follows: 
a. to ‘Responsibilities’, Section 0502-03; 
b. in the definition of “‘Accidents and Fires’? which are reportable under 
Subsection 0502-041; 
c. for requirement of additional notice to the Divisions of Inspection, 
Information Services and Biology and Medicine (Subsection 041); 
d. for requirement of investigations to comply with See. 170 of the Atomic 
Energy Act of 1954, as amended (Section 05). 
e. Appendix 0502-06 has been added, 
2. FILING INSTRUCTIONS 
veh: Please file this Chapter to replace the superseded one dated February 1, 
55 


b. This Transmittal Notice may be filed for reference. 


R. E. Ho.tuinesworts 


(For General Manager). 
OcToBER 16, 1958. 


Volume: 0000 Genera] Administration. 


CHAPTER 0502 INJURY, FIRE, AND PROPERTY DAMAGE-—RECORDS, REPORTS, AND 
INVESTIGATIONS 


Revised: October 16, 1958 
0502-01 Purpose 


*This Chapter specifies the required reports, investigations, and records of 
accidents and fires. These data are used: 


a. to determine the cause of, responsibility for, and extent of injury, loss, 
or damage from accidents and fires; 

b. in the prevention of such occurrences and in the promotion of safety 
and fire protection and efficient operation; and 

c. to evaluate accident prevention performance.* 


0502-02 Scope! 


*This Chapter is applicable to direct AEC activities and to the following types 
of contract activities: 


a. construction and design; 
b. research and development; 
c. operation, maintenance, and service, of AEC facilities; 
d. supply contracts in which AEC has a substantial investment and other 
contraets determined by the appropriate Manager of Operations.* 
0502-03 Responsibilities 


*031 Managers of Operations and Heads of Divisions and Offices, Headquarters, 
are responsible for: 

a. assuring that all reported accidents and fires are promptly, thoroughly 
and adequately investigated by competent investigators; 

b. complying or assuring compliance with all the reporting requirements of 
this chapter; 

c. adopting or assuring the acdagtien of adequate preventive measures; 

d. assuring the preparation and release of public statements on fires and 
accidents in accordance with Chapter 3105, “Coordination Of Oral, Written 
And Visual Public Information Issuances’’; 
oca ete ae whether an accident or fire should be reported to the 

; and 

f. reporting the probability of claims for payments under Chapter 14 

Section 170 i of the Atomic Energy Act of 1954 as amended.* 


! The requirements for reporting and investigating accidents and incidents involving } are 


icensees 
in AEC Chapter 0707, “Investigation of Radiation dents Involving Licensed Activities’, and 
Part 20, ‘Standards for Protection Against Radiation’’. 





covered 
10 CFR 
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*032 The Director, Office of Industrial Relations, Headquarters, is responsible for: 
a. reviewing reportable accident and fire reports for adequacy of recom- 
mendations and for value of information to other offices; 
b. maintaining, consolidating, and summarizing accident reports for man- 
agement; and 
‘ ~ disseminating useful information about accidents and fires throughout 


; 033 The Director, Division of Biology and Medicine, Headquarters, is responsible 
or: 

*a. reviewing reported accidents involving exposure of personnel to radia- 
tion or chemicals for adequacy of recommendations and value of information 
to other offices; and* 


b. notifying Managers of Operations of the need for subsequent medical 
reports. 


0502-04 Immediate Reports. The following shall be reported? immediately and 
investigated in accordance with Section 0502-05: 

a. fatal or imminently fatal injury or illness of industrial origin of an 
employee or member of the public; 

b. injury or industrial illness following cumulative or Massive exposure 
to internal or external ionizing radiation which might reasonably be expected 
to have caused the illness or injury and when so diagnosed by a physician 
competent in nuclear medicine; 

- other injury or industrial illness of five or more persons in one accident 
or fire; 

d. any accident involving radioactive materials when the responsible 
Manager believes it may have public relations significance or constitutes 
probable claims under Section 170 of the Atomic Energy Act of 1954 as 
amended; 

e. estimated accidental loss or damage ‘of $5,000 or more of - Government 
property, including the value of source and special nuclear materials involved 
or estimated costs of $5,000 or more required for cleaning, renovating, 
replacing, or safely reusing building, equipment, or property contaminated 
with radioactive materials; * and 

f. operational interruptions, other than scheduled shutdowns‘ or those 


cau by normal wear and tear, which cause a major building or area to be 
e 


inoperable for a period significant to the particular type of operation. 

The immediate report shall be transmitted by telephone or teletype. Report 
by telephone shall be confirmed by teletype on the same day, or as soon as suffi- 
cient information is obtained to indicate the nature and extent of the accident or 
fire. A copy of the teletype report shall be directed to the Headquarters Divi- 
sions of Inspection, Information Services, and the Office of Industrial Relations. 
If radiation or industrial toxicants are involved, the Director, Division of Biology 


and Medicine, shall also be notified, by telephone and a copy of the confirming 
teletype.* 


*0502-05 Investigations and Investigation Reporis 


a. The investigation shall be made as soon as possible to determine causes; 
responsibility; extent of loss or damage, and whether there will be probable 
claims for' payments under Section 170 i of the Atomic Energy Act as 
amended, and to recommend action for prevention of similar occurrences, A 
suggested outline for the report and criteria for determining loss is shown in 
Appendix 0502-043. 

b.. Within 30 days from date of accident, four copies of the investigation 
report shall be prepared. One copy shall be sent to the responsible Operat- 
ing Division Director, one each to the Division of Inspection, the Office 
of Industrial Relations, and to the Division of Biology and Medicine if 


*? In reporting accidents involving radiation injury and radiation cognizance shall be taken 
of Chane i, “Insurance Claims Procedures,”’ and 0521, ‘‘Medical Soumietion of A Disabilities 
From e Hazards.” See Chapter 0523-052 regarding reporting requirements involving radiation 

Where an accident, fire, or unusnel opedatiiselAl Gadtdibas veadlhe ll tide or to source and special 
Peace the reporting requirements of this Chapter and Chapter 2601, ‘‘A oe 

Violations and Related Matters,” may be comb and identical reports submitted to all req 
fuel elements or target material are not included unless 


of ruptured 
other elements occur during the shutdown; @ g., in and reporting are required of exposure of 
seeeuntl ar damnag tothe Eater te ee poet et ealing ts caged taal emits on ttn eae 
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exposure of personnel to radiation or chemicals is involved... The report shall 
be accompanied by. a statement as to relevant action, which has been or will 
be taken.* 7 

*0502-06 Other Reports 


Appendix 0502-06 contains a list of other required reports and instructions as 
to scope, content, preparation, distribution and frequency.* 


0502-07 Availability of Records 
Copies of reports to be filed at Operations Offices, specified above,’shall be re- 


tained in current files for one year following the year in which the accident or dis- 
ability occurs. 


0502-08 References 


Bureau of Budget Circular A~5 (Revised), dated June 5, 1953; Civil Air Regu- 
lations; the Atomic Energy Act of 1954 as amended; Executive: Order) Noi:7397 
dated June 30, 1936; Executive Order No. 10194, dated December 19; 1950;AEC 


Manual Chapters 0210, 1521; 0552, 1405, and: 2601. 


REPORTS OF INVESTIGATIONS ! 


*The. following outline is, suggested for investigation reports; however, they 
should not be followed literally but rather the report should. be organized.in a 
manner that best reflects the facts disclosed.* 


1. Summary of Basic Information 


Type, date and location of occurrence, name of injured, nature and extent of 
property damage, and estimate of loss. 


*2. Findings 

Events leading to the incident, factors contributing to severity of property 
damage, including major costs composing the loss. This should include all infor- 
mation and exhibits necessary to support the conclusions. * 
3. Conclusions 


Causes and responsibility, including comments on areas requiring research or 
engineering study to obtain adequate knowledge for hazard evaluation or control, 
as well as areas in which need for improved AEC safety guides or standards is 
indicated. State the probability of claims for payments pursuant to Section 170 
i of the Atomic Energy Act of 1954 as amended. 

*4. Recommendations 


Recommendations should include all actions considered necessary for prevention 
and control of the severity of similar incidents.* 


*5. Signatures 


Committee members should be identified and should sign the report and any 
dissenting views reported. * 


6. Exhibits 


Include form report of incident, statements of witnesses and any photographs or 
sketches needed to clarify description of the incident. 


PROPERTY EVALUATION AND CRITERIA FOR DETERMINING LOSS 


Normal operational failure, e.g., due to premeditated overloading or wearing 
out of equipment, is not considered accidental property damage. onsequently, 
this shall not be reported as a “property damage accident.” In determining the 
loss due to accidents and fires, the following shall be considered: 

1. The estimated cost of replacement with identical units buildings, equip- 
ment, and materials, including source and special nuclear materials, which 
are lost, completely damaged, destroyed, or contaminated beyond further 
use. In the case of unused, obsolete, and excess buildings, equipment, and 
een the estimated market value at the time of the occurrence should 

used. 

2. The estimated cost of rehabilitating without improvement buildings and 
equipment which are contaminated or partially damaged. 

3. The estimated cost of reprocessing and reclaiming partially destroyed 
and damaged materials. 

4. The estimated salvage value of recoverable items. 
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5. The same factors used to determine the loss of Government property 
—= be used in arriving at the cost of private property involved in a fire or 
accident. 

6. Burn out of electric motors and other electrical equipment through over- 
heating from electrical causes will be considered fire only if self-sustaining 
combustion exists after power is shut off. 

7. Damage from firefighting, such as water, smoke, and breakage damage, 
shall be included in the fire loss. 

8. Expense incurred for clean-up of radioactive contamination caused by 
fire shall be included in the fire loss. 


Property evaluation for fire and accident reporting purposes shall: 


1. include the approximate replacement value of all AEC-owned buildings 
and equipment; the replacement value shall be calculated by applying to 
the original cost (or most recent appraised value) an appropriate cost index 
~~ ($ t index data published by Smith, Hinchman & Grylls, Inc.) shall 

used ; 

2. include cost of all Government-owned supplies; 

3. include the average inventory of all source and special nuclear materials; 

4. exclude land and land improvements such as sidewalks, roads, etc.; and 

5. exclude below-ground facilities not susceptible to damage by fire or 
explosion, such as major water mains, water ponds, etc., which are carried as 
separate capital accounts. 
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ApPrenpix C-1 
Byproduct, source, and special nuclear material licensees by State as of Nov. 30, 1958 


Byproduct material 


Federal) Foun- Source | Special! mate- 
Col- and /dations mate- {nuclear 
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Apprenpix C-2 
Factuity LIcENsES 


CONSTRUCTION PERMITS IN EFFECT AS OF NOVEMBER 30, 1958 


Power Reactors: 
Consolidated Edison Co., Indian Point, N. Y. 
Commonwealth Edison Co., Grundy County, Il. 
Power Reactor Development Co., Loagoona Beach, Mich, 
7 ae Atomic Electric Co,, Rowe, Mass. 
otal, 4. 
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Test Reactors: 
Westinghouse Electric Corp. (WTR), Waltz Mill, Pa. 
General Electric Co. (GETR), Alameda County, Calif. 


7 ae Aeronautics and Space Administration, Sandusky, Ohio 
otal, 3. 


Research Reactors: 
Aerojet-General Nucleonics (CPRR-13—6 AGN-201 reactors #115 through 
#120), San Ramon, Calif. 
Ordnance Materials Research Office, Watertown, Mass. 
Union Carbide Corp., Sterling Forest, N. Y 
University of Florida, Gainesville, Fla. 
University of Virginia, Charlottesville, Va. 
Aerojet-General Nucleonics (CPRR-24—15 AGN-201 reactors #126 through 


140) 
Aerojet-General Nucleonics (CPRR-23—5 AGN-201P reactors #121 through 


126) 
‘a Nucleonics (CPRR-27—8 AGN-211 reactors #102 through 
University of Arizona (TRIGA), Tucson, Ariz. 
Cornell University, Ithaca, N, Y. 
North Carolina State College (Pool-Type), Raleigh, N. C. 
Total, 11 (for the construction of 41 reactors, 34 AGN). 
Critical Experiment Facilities: 
Allis-Chalmers Manufacturing Co., Greendale, Wis. 
National Aeronautics and Space Administration, Cleveland, Ohio 
Total, 2. 
Total Construction Permits, 20. 


LICENSES IN EFFECT AS OF NOVEMBER 30, 1958 


Research Reactors: 
Pennsylvania State University, University Park, Pa. 
North Carolina State College, Raleigh, N.C 
Armour Research Foundation, Chicago, Il. 
Battelle Memorial Institute, West Jefferson, Ohio 
Naval Research Laboratory, Washington, D.C. 
Aerojet-General Nucleonics (AGN-201M, Ser. 103), San Ramon, Calif. 
Aerojet-General Nucleonics (AGN-201, Ser. 108), San Ramon 
University of Michigan, Ann Arbor, Mich. 
Curtiss-Wright Corp., Quehanna, Pa. 
General Dynamics Corp. (TRIGA), San Diego, Calif. 
Massachusetts Institute of Technology, Cambridge, Mass. 
me eae Nucleonics (AGN-201, Ser. 110)—Scheduled for export to 
taly 
North American Aviation, Inc. (Model L-77), Canoga Park, Calif. 
San Radiator & Standard Sanitary Corp. (UTR-1), Mountain View, 
alif. 
Aerojet-General Nucleonics (AGN-211, Ser. 101), San Ramon, Calif. 
The Babcock & Wilcox Co. (Pool-Test), Lapeknereh, Va, 
Industrial Reactor Laboratories, Inc., Plainsboro Township, N.J. 
Nuclear Development Corp. of America, Pawling, N.Y. 
Aerojet-General Nucleonics (AGN-211, Ser. 102), San Ramon, Calif. 
Total, 19 reactors. 
Power Reactors: General Electric Co. (VBWR), Alameda County, Calif. 
Total, 1. 
Test Reactors: None. 
Research Reactors: 
U.S. Naval Postgraduate School, Monterey, Calif. (AGN-—201, #100) 
Oklahoma State University of Agriculture & Applied Science, Stillwater, 
Okla. (AGN-201, #102) 
Texas A. & M. College, College Station, Tex. (AGN-201, #106) 
University of Akron, Akron, Ohio (AGN-—201, #104) 
University of Utah, Salt Lake re Utah (AGN-201, #107) 
Colorado State University, Fort Collins, Colo. (AGN-201, #102) 
U.S. Naval Hospital, Bethesda, Md. (AGN-201M, #105) 
University of California, Berkeley, Calif. (AGN-201, #112) 
Catholic University, Washington, D.C. (AGN-201, #101) 
University of Delaware, Newark, Del. (AGN-201, #113) 
Oregon State College, Corvallis, Wash. (AGN-201, #114) 
otal, 11. 
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Critical Experiment. Facilities: 

The Babcock & Wilcox Co., Lynchburg, Va. (Con-Ed) 
The Babcock & Wilcox Co., Lynchburg, Va. pers 
The Babcock & Wilcox Co., 5 a Va. (LMFRE) 
Battelle Memorial Institute, West Jefferson, Ohio (possess only) 
Nuclear Development orp. of American, Pawling, N.Y. Gpomene only) 
General Dynamics Corp., Torrey Pines Mesa, San Diego, Calif. 
General Electric Co., Alameda County, Calif. (Commonwealth) 
The Martin Co. (MPR & ERDL), Middle River, Md. 
Westinghouse Electric Corp. (Yankee & Br-3), Waltz Mill, Pa. 
Westinghouse Electric Corp. (WTR criticals), Waltz Mill, Pa. 

Total, 10. 

Total Facility Licenses, 41. 


AppEeNpDIxX C-3 
Radioactive isotope distribution data‘ 


Aug. 2, 1946- Jan, 1, 1958- 
Dee, 31, 1957 Nov. 30, 1958 


— = 


Activi' Ship- | Activi 
(Curies, ments 


Radioactive isotopes 


4, 866 37, 596 
1, 262 21, 955 
59 2, 910 
12, 228 597 

438 


336, 513 
11, 348 


1 Shipments from Oak Ridge National Labora A 
2 Includes irradiated units of iodine '! and phosphorus *., 
3 Increased acceleration in use of tritium and cobalt ® caused principal growth in curies shipped in 1958, 


Appenpix D-1 
RapiaTion ExposurE AND COMPENSATION 


By James H. Sterner, M.D., Medical Director, Eastman Kodak Co., 
Rochester, N.Y., December 12, 1958 


The problems involved in the determination of compensation awards for tadia- 
tion injury reflect the complexity and uncertainties of the whole problem of the 
biological effects of ionizing radiation. The superimposing of economic, sociologic, 
medicolegal, and emotional considerations inherently associated with our mech- 
anisms for awarding compensation, in view of the highly technical and complicated 
nature of radiation exposure and radiation injury, are likely to result in confused, 
inequitable, and scientifically unsound judgments. The remote and delayed 
effects of radiation injury, such as carcinogenesis, shortening of life span, and 
genetic implications, while not novel to the problem of compensable injury, 
impose a new potential because of the experimental studies focusing attention 
on these effects, and because of the considerably greater number of people involved 
occupationally with the hazardous agent. In addition, the frequent references 
to the fact that ‘‘all radiation is harmful,” and the confusion as to whether, at 
the lower levels of exposure, radiation injury has a “linear’’ or a “threshold” 
relationship to the exposure, imply that the problems associated with ionizin 
radiation are qualitatively different from those of other common industrial 
hazardous physical and chemical agents. 

In this discussion, the emphasis will be on the relationships among radiation 
exposure, radiation injury, and compensability in the area of occupational injury 
and disease compensation. It is likely that the greatest number of problems, 
and their earlier appearance, will occur here because of the significant number 
of people exposed to radiation in their occupation. 
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The relationship between the quantitative and qualitative factors of exposure 
and injury have been defined for many industrial physical and chemical agents. 
The concept of a “maximum allowable (or permissible) concentration,’’ or a 
‘threshold limit”’ for a considerable number of industrial toxins is widely accepted 
as one of the most important elements in preventing occupational disease. A 
table of threshold limits. now including values for more than 200 industrial 
physical and chemical agents, is reviewed annually and approved by the American 
Conference of Governmental Industrial Hygienists (A.C.G.I.H.). The members 
of this organization are from Federal, State, and city health and labor agencies 
responsible for protecting the health of employed people. The threshold limits 
define exposure conditions which have been established by clinical and experi- 
mental studies as “safe’’ for continuous exposure during the working lifetime. 
There is general agreement, that in the application of these limits, it is desirable 
to maintain the exposure at the lowest practical values, but that if these limits 
are not exceeded, no significant injury is likely to occur. 

The “threshold limits’—or “maximum permissible exposure” (m.p.e.) values 
for ionizing radiation have been developed by the National Committee on Radia- 
tion Protection and Measurement (N.C.R.P.M.). This organization early 
accepted the responsibility for such criteria, and their recommendations have been 
adopted by the A.C.G.LH., as valid and authoritative. A number of the States 
have recognized the values established by the N.C.R.P.M. in industrial codes 
defining safe working conditions, and it is likely that all States with significant 
occupational radiation exposures will eventually do so. 

In the adjudication of a claim for alleged occupational injury involving an 
exposure to an industrial toxin not greater than the well established threshold 
limit, the testimony from recognized, competent medical experts as to the absence 
of injurious effects at or below the threshold limit is likely to carry considerable 
weight in the final judgment. However, not infrequently testimony supporting 
such a claim may come from a physician without special knowledge and experience 
in toxicology, nor with the particular toxin in question. In such instances the 
jurist, or referee, or board must evaluate not only the technically difficult testi- 
mony, but the qualifications and competence of the physicians testifying. Finally, 
he (or they) must establish a ‘‘probability factor,’’ defining the place of the incident 
in the range of likelihood which extends from “possible” to “‘probable.”” With an 
admitted and proper philosophy which gives the “benefit of the doubt’’ to the 
injured workmen, decisions by Workman s Compensation authorities have some- 
times extended, by medicolegal action, the range of ‘‘cause and effect’’ relationships 
far beyond: that which is medically sound and reasonable. It is likely that the 
problems associated with the evaluation of radiation exposure and radiation injury 
will present even greater difficulties. 

Let us consider some of the circumstances which claims for compensation may 
arise. In the first instance, let us assume that an individual whose carefully and 
well measured and documented work exposure to ionizing radiation is at or below 
the maximum permissible exposure level. The N.C.R.P.M., in describing the 
application of these limiting values urges that radiation exposure be reduced to 

e lowest practical level. This recommendation is consistent with that given by 
the A.C.G.I.H. and other reaponeliie advisers on industrial health for all exposures 
to hazardous physical and chemical agents. However, with the common indus- 
trial toxins, it is generally accepted that a threshold exists, and that the ‘factor of 
safety’’ which is applied in developing the “threshold limit’’ preeludes injury, or 
at least. serious injury, if the exposure is controlled at or below the permissible 
level. _ With radiation exposure, however, a somewhat different concept has de- 
veloped. The still unsolved problem as to what biological effects. observe a 
‘linear’ ora ‘‘threshold’’ relationship to radiation, particularly with the potential 
extending to future generations, has signalled caution, even at lower exposure 
levels. he frequency and prominence of the repetition that ‘‘all radiation is 
harmful’ implies a significant quantitative importance, In one sense, the radia- 
tion. problem has been complicated by the tremendous amount of research re- 
ported, for such factors as shortening of life span and likelihood of producing 
mutations have not been investigated thoroughly for any other industrial physical 
or chemical agent. In addition, the coneern expressed with the fallout problems, 
involving the whole population, becomes confused with the consideration of the 
occupational exposure. 

In determining the effect of an occupational hazardous agent, the final, and 
most significant measure is in the complete medical evaluation of the exposed 
individuals. Prior to the Manhattan Project, the population occupationally ex- 
posed to low levels of radiation at or below recent ‘‘m.p.e.” values was too 
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small and not sufficiently controlled to provide valid information as to possible 
injurious effects. With the advent of the Atomic Energy program, and the 
establishment of good industrial medical services in the various plants and labor- 
atories, observations of greater value have been made. It is now more than 
16 years since the first successful operation of a nuclear reactor, and some 15 
since the plants in Oak Ridge, Los Alamos, and Hanford expanded to involve 
occupationally thousands of people in radiation exposure. 

During the earliest phase of operation, the “m.p.e.” of 100 mr per day was 
sometimes. interpreted as meaning 500 mr per week or 25 r per year. Later this 
was reduced to 300 mr per week, or 15 r per year, a permissible level which has 
only recently been lowered to 5 r per year. An analysis of the external radiation 
exposure among some 200,000 atomic energy industry contractor personnel for 
the 9 years, 1947-1955, inclusive, showed that more than 99.4 percent of the 
workers received less than 5 rem of external radiation, and only 0.01 percent 
received more than the “‘m.p.e.’? of 15 rem per year. This is exclusive of the 
limited number of accidents, which are reported separately. The highest indi- 
vidual dose, sven over the 9-year period, was 16.4 rem, only slightly greater 
than the permissible level. The highest dose for any 1 year is 27.8 rem. When 
the 10 highest. exposures in any 1 year are averaged, the value is only slightly 
greater than 5 rem. Over the 9-year period, the average for the 10 highest 
exposures was 3.4 rem. 

uring the war years, with the urgency of production, and the difficulties in 
providing and enforcing protective measures, exposures in many instances were 
somewhat greater than encountered in operations since 1945. A number of these 
exposed individuals have remained in work in the atomic energy industry to the 
present, so that we now have some 15 or 16 years of observation. A program 
of thorough, periodic examinations, such as are done in the chemical industry to 
assess the occupational hazards, has not revealed a single evidence of significant 
injury under the above conditions of exposure. Admittedly, in considering the 
delayed effects of radiation, a 15-year observation is too short a period for a 
final evaluation. 

The term “significant’’ injury was used above to exclude the reported findings 
of slight but “statistically significant” shifts in the total white blood cell counts, 
the neutrophilic leukocyte counts, the lymphocyte counts, the increased inci- 
dence of bilobed and binucleated lymphocytes, the increase in refractile neutral 
red bodies in lymphocytes, or the increased lymphocytic content of desoxyribo- 
nucleic acid. e slight shifts in white cell counts, within the variable normal 
limits, cannot be related, with our meee knowl , to the serious depressions 
of the hematopoiectic system which occur with high radiation exposure. Simi- 
larly, the finding of an increased incidence of bilobed lymphocytes or of certain 
staining qualities of the lymphocytes, even though associated with radiation 
exposure, among other conditions of stress, does not, with present information, 
indicate “radiation injury.” 

I believe that no thorough and comprehensive study has been made thus far 
among the long-term atomic energy industry employees of such factors as the 
incidence of cancer, length of life, and genetic changes. A number of physicians 
cognizant of these potential hazards and associated with these industrial medical 
programs for 10 or more years, have not thus far observed any significant ab- 
normal finding which was associated with these lower levels of ates If we 
apply to the “m.p.e.” levels for radiation the same criteria for judging the effec- 
tiveness in preventing injury as we do to other industrial hazardous chemical 
and bhyaival nts, we must conclude, from our experience thus far, that the 
values are prudent, critical, and effective. We want to emphasize again that 
we have much more information, from clinical and Leer sources, con- 
cerning the effects of radiation than we do for any other hazardous industrial 
agent. 

In considering the delayed, and more difficultly determined effects of radiation 
such as earcinogenesis, and shortening of life span, the direct evidence indicating 
a relationship in man at or below the ‘m.p.e.”’ is completely lacking. The 
information developed ‘from a study of the life span of radio ts as judged 
from the age at death, initially was interpreted to mean that radiation exposure 
was a predisposing factor in the shortening of life. The radiation exposure for 
these radiologists was certainly much greater than the “m.p.e.” levels discussed 
above. Subsequently it was shown that the initial interpretation in this study 
failed to take into consideration a significant difference in the average of the 
radiologists, and it was concluded that the differenees in ages at death could 
have occurred by chance alone. A widely quoted estimate of life shortening 
in man was 15 days per roentgen; in a later analysis, using substantially the 
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same data, a value of 1 day per roentgen was obtained. Such calculations are 
justified in the absence of reliable direct data, but have little or no usefulness in 
the evaluation of a specific case. 

While the evidence from animal studies, of a “linear” relationship between 
radiation dose at low levels and genetic effects is more convineing than for somatic 
injury, its potential role in compensation matters must be entirely speculative 
at this time. 

When an individual receives a massive dose of radiation, the objective signs 
of injury become increasingly evident as the dose exceeds 100 rads. Subjective 
symptoms such as nausea, vomiting, apprehension, weakness, and fatigue are 
difficult to evaluate, and may be influenced by what the patient is told or has 
learned, or by the reflected concern of medical, safety, and administrative per- 
sonnel. Such signs as epilation, fever, depression of hematopoietic factors, cutan- 
eous burns are related in severity to the magnitude of the exposure. The prob- 
lem of determining compensation during the period of acute disability is not 
difficult. In the case of severe superficial burns, the frequently prolonged course, 
and even the delayed hyperkeratoses, areas of thin atrophic sensitive skin, or 
subsequent malignant degeneration find precedence with related occupational 
conditions, and reasonably direct evaluation. The conditions of such severity 
as to cause obvious and continuing disability present little difficulty in com- 
pensation determination. When the patient has recovered sufficiently to return 
to work, the matter of evaluating “residual” injury may become extremely diffi- 
cult. The strictly medical determination will necessarily involve such consid- 
erations as shortening of life span and increased likelihood of malignancy— 
leukemia, cancer, sarcoma. Should a payment for permanent partial disability, 
or a lump-sum settlement include a consideration for such events? Or should 
payment be made only for the measurable disability, and subsequently amended 
only if the neoplasm develops? 

The question of compensation will arise certainly in the case of an individual 
who has received substantially more radiation than the ‘‘m.p.e.’’, but not in a 
large enough acute exposure to develop the signs and symptoms of radiation sick- 
ness. Particularly, with disease conditions the specific causes of which are not 
clearly identified, it has been a common experience that the person exposed to a 
hazardous material reasons, “I did not have this condition before I was exposed; 
therefore, the illness must be a result of the exposure.’’ This “post hoc-propter 
hoc” reasoning frequently extends to the physician treating the case, and appar- 
ently to the Workmen’s Compensation authorities. The very nature of our 
mechanism for determining compensation awards encourages the physician, testi- 
fying for the plaintiff or the defendant, to become an advocate for his side. The 
confusion, and subtle distinction between what is ‘possible’ and the various 
degrees of ‘‘probability’”’ are likely to become greatly magnified in considering 
radiation exposure and radiation injury. 

To achieve a fair and equitable determination of compensation in instances of 
radiation injury, a tremendous amount of additional information is needed. The 
extrapolation from experimental work on lower animal species, and from exposure 
conditions which vary significantly from those actually incurred in work condi- 
tions allow too large a margin of error. Additionally, we need a mechanism for 
digesting, interpreting, and evaluating the almost overwhelming amount of infor- 
mation relating exposure to injury. Srhe N.C.R.P.M. makes an important con- 
tribution in establishing guides for controlling the industrial environment. For 
the physician who must testify in a particular claim for compensation, for the 
judge or referee who must weigh and decide the evidence, additional and much 
more specific guidance is a A wide divergence of opinion on many aspects 


of radiation injury exists and will continue to exist among the people with special 
knowledge in this area. These opinions appear in the scientific literature, but 
with varying degrees of substantiation and intent, so that an individual with lim- 
ited knowledge in this area, seeking guidance, will find it extremely difficult to 
obtain a balanced, critical, objective crystallization of the current concepts. 
Guides for the evaluation of disability for other b se of injury have been de- 


veloped, and have played an important part in establishing a stable, fair, and 
sound adjudication of occupational injury and disease claims. Such a guide 
relating radiation exposure and radiation injury, reflecting the considered judg: 
ment of the professional organizations with special knowledge in this area, would 
seem to be a more reasonable criterion than the composite, frequen widely 
divergent, conclusions developed from a succession of compensation hearings. 
Many objective authorities are reluctant to attempt such a guide, with our present 
limited knowledge. They must be impressed with the fact that judgments must 
be made, and are being made by people with much less competence, information, 
and objectivity. 
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AppEeNpDIx D-2 
RADIATION AND COMPENSATION 


(By Shields Warren, M.D. scientific director, Cancer Research Institute, New 
England Deaconess Hospital, Boston, Mass.) 


The question of compensation for radiation injury is unusually complex because 
tne basic mechanisms by which radiation induces injury are not clearly understood. 
Injury may be produced by very small but often repeated doses of radiation. 
Even after acute and obvious radiation injury there may be long-delayed chronic 
effects, One of the oldest known industrial diseases, the lung sickness of the 
miners at Joachimsthal and Schneeberg, from the ore of which Mme. Curie isolated 
radium decades ago, had long been associated with some peculiar property of these 
mines. This.itiness is now known to be cancer of the lung, due in all probability 
to the high radon content of the air in the mines and the long, though slight, 
exposure of the tissues to radon and its products. Seventeen to twenty years of 
exposure is required to cause lung cancer, and only a fraction of those exposed to 
this radiation develop the disease. 

While we know more about radiation and its effects on living cells than we know 
about many injurious agents, there are still large areas of uncertainty. The 
human race has been exposed to small amounts of naturally occurring background 
radiation since the race began but it is only a little over 60 years ago that artificial 
sources of ionizing irradiation were discovered and only within the last two decades 
that large numbers of people became potentially exposed to them. Our sources 
of knowledge of radiation injury are derived in large part from studies of the 
following: : 

(1) Patients who have been exposed to X-rays or radium for diagnosis or 

treatment. 

(2) Radiologists and their technical assistants. 

(3) Patients treated with radioactive isotopes. 

(4) The atomic bombed populations of Hiroshima and Nagasaki. 

(5) The Marshallese and the Japanese fishermen exposed to heavy fallout 
radiation. 

(6) The victims of the relatively few accidents in the atomic energy 
programs of different countries. 

(7) Experimental data obtained from irradiation of plants and animals. 

Additional information may prove to be obtainable froi studies of populations 
living in regions of high natural radiation background as contrasted with those 
in low. © 

The problem of industrial compensation is complicated because it involves 
economic, emotional, and personal factors that serve to obscure further a field 
that is inherently difficult to evaluate. One must recognize, therefore, that in 
the attempt to apply incomplete scientific knowledge to problems of compensation 
our present system may well involve uncertainties. as well as some inequities. 
In reading the following discussion it should be kept in mind that the benefit of 
the doubt in case of uncertainty should be given to the worker. 

We may divide radiation injury into three great classes: 

(I) Obvious and, fairly prompt damage to the exposed individual, often 
followed by some degree of delayed injury; . 

(2) Delayed damage to the exposed individual; 

(3) Damage to offspring of the exposed individual. 

The concept of a permissible level of radiation rests on a general assumption. 
This is that we cannot in practical daily life avoid all risks but must endeavor to 
regulate our activities in such a way that the risk from any given source is not 
unacceptably great. The degree of acceptability varies. For example, we 
accept tens of thousands of deaths caused» by automobiles as balanced by the 
eonvenience and speed of transportation. On the other hand, two or three deaths 
from smallpox would be regarded as a great threat and would lead to emergency 
measures for control. Every traveling salesman expects to gain from the travel 
inherent in his work. On the other hand, he clearly places himself at increased 
risks when he undertakes this travel. 

The risk from radiation under present practices is startlingly lew. Three 
workers have died as a result of iation injury in the operations of the Man- 
hattan District and the Atomic Energy Commission. Less than 50 have suffered 
detectable injury. This is among many thousands at risk and indicates that the 
atomic energy industry as now operated is not hazardous. 

Still another aspect of the atomic industry is the knowledge that a very large- 
seale atomic accident, while extremely unlikely to happen, could, nevertheless, 
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be catastrophic in its effects. Consequently, the relative safety of the industry 
for the individual has become to some extent overshadowed by the great potential 
risk inherent in an accident that has not occurred, in all probability will not occur 
but can conceivably occur. 

The fact that exposure to radiation may have long-delayed ‘effects renders the 
question of determining compensation exceedingly complex. When a man has a 
leg broken in a plant he knows of the injury at once; he knows about how long he 
will be disabled; he knows that in the great majority of instances he will be able 
to go back to work. In radiation injury, on the other hand, there may be no 
immediate perceptible sensation or alteration in the body or, if there is, this may 
be followed by a very considerable period of apparent health and well-being 
before further evidence of injury appears. Definite evidence of injury may not 
appear for 15 or 20 years after the exposure. This, then, makes the compensa- 
tion of radiation injury a very difficult problem. One might need to exclude 
such late effects from the operation of the statute of limitations or to establish 
a scale of compensation for putative future damage based on the probable future 
effects of the type and amount of excessive radiation received. 

There are two conflicting theories as to the amount of radiation required to 
produce injury, whether immediate or delayed. The first, based on genetic 
observations on a number of forms of living plants and animals, assumes that 
injury is cumulative, independent of radiation rate, and that the probability of 
damage inereases directly as does the total dose received, whether it be received 
at one time or at many different times. This is called the linear hypothesis. In 
contrast to this is the experience gained from observations on plants, animals 
and man that so far as a given individual is concerned, small amounts of radiation 
have no observable effect due to the reparative functions of the body and only 
when radiation exceeds a certain, though as yet unknown, point does injury appear. 
This is the so-called threshold theory. he truth probably lies somewhat be- 
tween these points. 


PROBABILITY OF INJURY RESULTING FROM MASSIVE DOSES OF RADIATION 


Massive doses of radiation may be assumed to be radiation of the entire or 
virtually entire body received in a short time (seconds to hours) and rneneg 


200 rad or more. At about 200 rad absorbed within a period of minutes, death 

a few susceptible persons can result. In all probability, however, less than 10 
percent of any exposed group would die at about 200:rad. With a dose of 400 
to 450 rad about half of the exposed individuals would die and the survivors 
would have some degree of illness lasting from days to months but would reeover 
almost entirely later; an unknown but small percent would develop diseases 
of the blood such as leukemia and possibly show slight evidence of premature 
aging resulting in a lifespan shortening of 2 years or less. From the genetic 
standpoint men or women so exposed would probably show trausient sterility of 
2 to 4 years’ duration. On recovery of fertility, they would have a slight but 
unknown increase in likelihood of congenital malformations in their offspring. 

Those receiving 800 rad or above would almost certainly die 

The same dose of radiation received in protracted fashion has much Jess effect 
on the body than when received acutely. Many radiologists have received about 
15 rad per year of protracted radiation for many years without demonstrable ill 
effect. There is some evidence that at a total protracted dose of about 1,000 r life 
may be shortened several years and leukemia be more prevalent. 

Much higher doses of radiation are tolerated by portions of the body than by 
the whole body. Thus 400 r of acute whole body radiation may kill; 5,000 r of 
acute or slightly protracted radiation appled to a small area of the skin may cure & 
skin cancer and produce only a scar. 

The effects of inhalation, swallowing, or introduction through the skin of 
radioactive materials such as radium, plutonium, or strontium 90 will not be 
considered in detail here. There are many data on the danger from these sub- 
stances in animals, a small amount of data in man. Permissible occupational 
limits have been set for these and other radioactive substances by the Nationat 
Committee on Ra/iation Protection based largely on animal experiments ‘and 
studies of the victims of ratium cial painting and of some persons who received 
supposelly therapeutic doses of radium-containing water in years past.” The 
chief effects to be expected from overdosage of radivm is localized, low-grade 
inflammatory change in bone followed in many years by bone tumor, If inhaled; 
there would be increased danger of lung cancer. Severe anemia would also be w 
possibility. Only one case of leukemia has followed radium poisoning. 

No injury has as yet been demonstrated in man from either plutonium or stren- 
tium 90. However, data in animals indicate that plutonium is an effective 
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carcinogenic agent and that strontium 90 is an effective agent in the production 
of bone sarcoma and may be a leukemogenic agent. 

Different types of radiation protiuce effects different in degree but not in kind. 
Observations have made possible the establishment of factors permitting compar- 
ison of the biological effects produced by a given type of energy. This Relative 
Biological Effectiveness (RBE) ranges from 1 to 10, taking the gamma rays of 
radium or 200 KV X-rays as 1. 

Some types of radiation tend to produce certain effects more readily than others. 
Thus, neutrons may produce cataracts as the most prominent change, strontium 
90 a eg (when absorbed in the body) bone tumors, X-rays, skin cancer or 
leukemia, 

In attempting to evaluate the effect of radiation, one must remember that there 
are few diseases or malfunctions produced solely and characteristically by radia- 
tion. Skin cancer can be produced in man by certain chemicals, ultraviolet light, 
irritation as well as by radiation. Leukemia may occur in 3 percent of a heavily 
irradiated population, but even higher among those exposed to benzol. 

Some of the late atrophic changes of the skin and other tissues, some cataracts, 
some atrophic changes in bone can be recognized as almost certainly produced by 
radiation. 

Bearing these variables in mind, and ‘the great fallibility of attempting to 
particularize from general data, one may expect the following changes to develop 
in workers exposed to given doses of radiation. 


; 25 r 

Acute exposure: 
Immediate effects Transient and minor blood cell changes. 
Late effects None perceéptible. 

Protracted exposure No effect, 


100 r 

Acute exposure: 

.. . Immediate effects Slight. blood changes, probably both quantitative 
and qualitative. Slight nausea and vomiting 
in. a few persons. Possible temporary reduction 
of fertility,in some men or women. Very 
slightly imereased chance of genetic defects in 
offspring. 

Late effects Probably, none except for very slightly increased 
chance of genetic defects in offspring. 
Protracted exposure: 

Linear hypothesis Probably no effect beyond a slightly greater 

likelihood: of development of leukemia and 
possibly slight anemia. Very lightly increased 
chance of genetic defects in offspring. 

Threshold ‘hypothesis. ... No effeet on the individual. Very slightly in- 

ereased chance of genetic defects in offspring. 


200 r 
Acute exposure: 

Immediate effects Moderate'*ehanges in blood cells. Transient 
nausea and vomiting, mild diarrhea. A very 
few highly susceptible individuals might die, 
chiefly ‘from damage to the blood-forming 
system, Slight transient epilation might oceur 
in a few... Possible temporary reduction of 
fertility in some,men or women. Very slightly 
increased chance of genetic defects in offspring. 

_ Late effects Possibly some degree. of persisting epilation, 

Slight porpinliny of development of leukemi 
probably, under 3 percent, Possibly sligh 
anemia. Very slightly increased chance of 
genetic defects in offspring. 


Protracted exposure: 
.. Linear hypothesis. ightly ter likelihood of development of 
a uke and other t; of cancer and pos- 
sibly sighs anemia. Very slightly increased 
chance of genetic defects in offspring. 
Threshold hypothesis.... Probably no effect. . 
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500 r 
Acute exposure: 

Immediate effects__.....- Marked blood cell changes. Severe nausea, 
vomiting, and diarrhea. Death in about % 
those exposed: unless treated: promptly. , Some 
deaths in any event. Transient ( sterility. 
Moderately increased chance of genetic defects 
in offspring. Epilation. 

Late effects Persistence in disturbance of blood cells quanti- 
tatively and qualitatively for some months. 
Increased likelihood of leukemia and anemia, 
foes up to 5 percent. Possible increase in 
ikelihood of cancer. Some degree of persistent 
epilation. Sterility lasting up to about 2 years. 
Moderately increased chance of genetic defects 
in offspring. 

Protracted, exposure: 

Linear hypothesis ' Probably none except moderately increased 
chance of development of leukemia, anemia, 
and possibly cancer. Moderately increased 
chance of genetic defects in offspring. 

Threshold hypothesis.... Slightly increased chance of leukemia, anemia. 
and possibly cancer. Moderately increased 
chance of genetic defects in offspring. 


800 r 


Acute exposure Severe nausea, vomiting, and diarrhea. Severe 
quantitative and qualitative damage to blood 
cells. Great weakness and lassitude. Death 
within days even’ with: supportive? tteatment: 
All exposed individuals would probably die in 
spite of prompt supportive treatment. 

Protracted exposure__....... No immediate effects. Some shortening of life- 


span, | neg under 5 years and an increased 
i 


probability of leukemia or anemia, probably 
under 1 percent foreach. Moderately increased 
chance of genetic defects in offspring. 


1,200 r 


Acute exposure Immediate disorientation and prostration with 
severe nausea, vomiting, and diarrhea, redden- 
ing and itching of the skin. Severe quantita- 
tive and qualitative damage to blood cells. 
-Gréat“weaknéss and lassitude. Death within 
days even with supportive treatment. 

Protracted exposure. -..---.. About .5 years shortening of lifespan. Greater 
likelihood of leukemia, perhaps up to 2 percent 
of exposed persons. Some increase in suscepti- 
bility to other types of cancer. Probably some 
anemia. Moderate increase in possibility of 
hereditary defects in offspring. 


The permissible dose level established by the National Committee on Radia- 
tion Protection, an independent body of experts publishing through the National 
Bureau of Standards, is 5 rem for each year of the person’s life over 18. Further, 
this should not exceed 12 rem in any one year. This a a lower level than that 
previously established, influenced by the fact that in recent years enough people 
are being exposed to radiation to have potential genetic significance for the race. 
The linear hypothesis is assumed to hold, and gence the benetic significance of 
100 r of protracted total body radiation received by 10,000 people of child-bearing 
age is greater than that of 500 r received by 1,000 ple. This current permis- 
sible dose is also based on the fact that as the number of exposed individuals in- 
creases the chance increases of some very susceptible individuals who may be 
injvred at fairly low levels of radiation occurring among them. 

If we assume the linear hypothesis, it is conceivable that a small number of 
persens of the many exposed might be damaged by long-continued low-level ex- 
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posure within the permissible dose range. If we assume the threshold hypothesis, 
no cases of radiation injury would- be expected. 

It should be remembered, however, that the permissible dose range is not meant 
to apply to the total population, including ill persons and the very young who 
may be more susceptible to injury, but rather is.meant to apply only to adults 
working under conditions controlled from the standpoint of radiation and medical 
supervision. 

One must keep in mind that there is probably no threshold for genetic damage, 
although the damage is probably so slight as to be not detectable at present 
permissible dose levels. 

Thus, it may be seen that the probability of injury being noted in those cases 
where the dose received over a protracted period of time is equal to or less than 
the permissible level of radiation is so slight as to be in all probability negligible. 
If we assume a linear relationship, regardless of total amount of radiation and 
rate at which it is delivered, one could conceive of noticeable injury at this level 
in one or two of very many exposed. These statements are based on the use of 
plant or experimental animals in great numbers, where there is.evidence that. late 
injury can develop in a very few. The most probable type of injury would be 
the development of leukemia. There is no evidence of shortening of lifespan at 
present permissible dose levels. 

Probably some genetic damage will be done, but this is too slight to detect by 
means available at present. There is slight evidence that some radiologists who 
have received much more than the present permissible does levels have had a 
a increase of hereditary disease in their offspring. 

t should be pointed out that ionizing radiation is only one of a number of 
mutogenic factors with which we come in contact in our lives today. 


BASIS FOR COMPENSATION 


Given a history of exposure to an excessive dose of radiation, either acute or 
rotracted, and the presente of injury (reasonably related to “radiation, a! sound 
asis for compensation is available. In some instances a small sum might be 

added to cover the possibility or probability of latent injury, the effects of which 
might not be manifest for some years to come. 

f at the time of claim only a history of excessive exposure to radiation is given 
and evidence of injury is not present, only the chance of future damage can be 
considered. This problem is much more difficult. If the dose received is low, 
the probability of subsequent evidence of injury is so slight as to rule out consid- 
eration of future harm. If, on the other hand, the dose is large, the probability 
of future damage might be deemed sufficiently great to warrant a minor degree 
of advance compensation. Probably, however, the best approach is to com- 
pensate only for injury as it becomes clearl evident maintaining if necessary a 
reserve fund to meet possible future claims for harm by exposure received earlier 
but only then apparent. As time goes on and experience is gained in this field, 
undoubtedly much better appraisal of risk cam be-made than at the» time. 

Radiation is properly considered as ‘a potential occupational risk but in the 

light of experience available thus far, it is a much smaller risk than that considered 
acceptable in many industries where ionizing radiation is not a factor. 


Appenpix E-1 
CoMPULSORY AND ExugctivE Trpzs or Laws 
The jurisdictions with compulsory laws are: 


Alaska Maryland Ohio 
Arizona! Massachusetts Oklahoma 
Arkansas Michigan Puerto Rico 
California Minnesota Rhode Island 
Delaware Mississippi Utah 
District of Columbia Nevada Virginia 
Hawaii New Hampshire ! Washington 
Idaho New York Wisconsin 
Illinois North Dakota Wyoming 


i Employee may reject act. 
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Longshoremen’s and Harbor Workers’ Compensation Act, Federal Employees’ 


Compensation Act. 


The jurisdictions with elective laws are: 


Alabama 
Colorado 
Connecticut 
Florida 
Georgia 
Indiana ? 
Iowa * 
Kansas 
Kentucky 


2 Compulsory as to coal mining. 


Louisiana 
Maine 
Missouri 
Montana 2 
Nebraska “ 
New Jersey 
New Mexico 
North Carolina 


Oregon 
Pennsylvania 
South Carolina 
South Dakota 
Tennessee 
Texas * 
Vermont 

West Virginia 


3? Compulsory as to operation of coal mines or eee of coal for sale. 
* Compulsory as to motorbus companies, 


AppEnpix E-2 


Type or INSURANCE PROVISIONS 


Jurisdictions limited to private insurance and self-insurance: 


Alabama 
Alaska 
Arkansas 
Connecticut 
Delaware 
District of Columbia 
Florida 
Georgia 
Hawaii 
THinois 
Indiana 


Iowa 

Kansas 
Kentucky 
Louisiana 
Maine 
Massachusetts 
Minnesota 
Mississippi 
Missouri 
Nebraska 
New Hampshire 


New Jersey 
New Mexico 
North Carolina 
Rhode Island, 
South Carolina 


, South Dakota 


Tennessee 
Texas 4 
Vermont 


. Virginia 


Wisconsizi 


Longshoremen’s and Harbor Workers’ Compensation Act. 
Jurisdictions with State fund, private insurance, and self-insurance: 


Arizona 
California 
Colorado 
Idaho 


Maryland 
Michigan 
Montana 
New York 


Jurisdictions limited to State funds: 


Nevada 
North Dakota 
Ohio ? 


Oregon 
- Puerto, Rico 
Washington 


Oklahoma 
Pennsylvania 
Utah 


West Virginia ? 
Wyoming 


1 Self-insurance not permitted. 
? Self-insurance permitted 


Notg.—The Federal Employees’ Compensation Act. is financed by direct:appropriation of Congress. 


Appenpix E-3 
NuUMERICAL EXEeMpTions 


Jurisdictions making no numerical exemptions are: 
Alaska Louisiana 
California Maryland Puerto Rico 
District of Columbia Minnesota -’ South Dakota 
Hawaii Montana -* Utah 
Idaho Nebraska ' Washington 
Illinois New Jersey West Virginia 
Indiana North Dakota Wyoming 
Iowa Oregon 


~ Pennsylvania 





RADIATION HAZARDS AND WORKMEN’S COMPENSATION 143 


Longshoremen’s and Harbor Workers’ Compensation Act, Federal Employees’ 
Compensation Act. 


Jurisdictions providing for numerical exemptions are: 


For employer with less than— Jurisdictions 

2 employees Nevada,! Oklahoma. 

3 employees Arizona,! Connecticut, Delaware, Flor- 
ida, Kentucky, Michigan,} Ohio, 
Texas, Wisconsin. 

4 employees Colorado, Massachusetts,! New Mex- 
ico,? New York,* Rhode Island.! 

5 employees Arkansas, ‘ Kansas,5 New Hampshire, 
North Carolina,® Tennessee. . 

. Maine, Vermont. 

7 employees Virginia. 

8 employees Alabama, Mississippi.! 

10 employees i 

11 employees 

15 employees 


1 Numerical exemption applies only to compulsory coverage. 

2 New Merxico: Does not apply if injury occurs upon any or enahene 10 feet or more above the ground, 

3 New York: Numerical exemption applies only in case of nonhagardous employments. However, the 
14 groups of hazardous industries are so weer that the numerical exemption seldom applies. 

4 Arkansas: Contractor in building or building repair work is covered if he employs two or more 
employees at any one time. If contractor subcontracts any portion of work, contractor is covered if either 
the contractor or subcontractor has only one employee. 


§ Kansas: Numerical exémption does not apply to So in mines and building construction. 
* North Qarolina: Act exempts individual sawmill and operators with less than = a 


whose principal business is unrelated to sawmills and Cooee on who operate less than 60 days in 6 con- 
secutive months. 


1 Missouri: If Workmen’s Compensation Commission determines that employer of 10 or less emplo 
is engaged in hazardous employment, such employer shall be covered unless he rejects act within 10 days. 


AppEenpIx E-4 
Samp.e Provisions oF Derinitions or Term “AccripENTAL INJURY” 


Arkansas: ‘“ ‘Injury’ means only accidental injury arising out of and in the 
course of employment * * *.’ 

California: ‘‘ ‘Injury’ includes any injury * * * arising out of the employment; 
including injuries to artificial members, dentures, eye glasses and medical braces 
of all types; provided, however, that eye glasses will not be replaced, repaired or 
otheniae compensated for, unless injury to them is incident to an injury causing 

sability 


«_ Mishigns: ‘““* * * personal injury arising out of and in the course of his 
yment * * *,’’ 
ew Jersey: ‘‘* ** personal injuries to, or for the death of, ,, such employee by 
accident arising out of and in the course of his employement * 
New York: “ ‘Injury’ and ‘personal injury’ mean only aon injuries 
arising out of and in the course of employment * * *.” 
North Dakota: “ ‘Injury’ shall mean only an injury arising in the course of 
employment * * *.’ 
ashington: “ ‘ njury’ means a sudden and tan bangible happening of a traumatic 
t, 


nature Payee an immediate or prompt res and occurring from with- 
out * 


Wisconsin: “* * * ‘Injury’ is mental or physical harm to an employee caused 
by accident .* * *.” 
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AppEeNnpDIx E-5 
CovERAGE OF OcCUPATIONAL DISEASES 


Jurisdictions which provide full coverage of occupational diseases are: 


Alaska Maryland Oregon 
Arkansas Massachusetts Pennsylvania 
California Michigan Rhode Island 
Connecticut Minnesota South Carolina 
Delaware Missouri Utah 

District of Columbia Nebraska Washington 
Florida New Jersey West Virginia 
Hawaii Nevada Wisconsin 
Illinois New York Puerto Rico 
Indiana North Dakota 

Kentucky Ohio 


Longshoremen’s and Harbor Workers’ Compensation Act, Federal Employees’ 
Compensation Act. 


Jurisdictions with schedule coverage of occupational diseases are: 


Alabama Kansas Oklahoma 
Arizona Louisiana South Dakota 
Colorado Maine Tennessee ! 
Georgia New Hampshire Texas 
Idaho New Mexico Vermont 
Iowa North Carolina Virginia ! 
Jurisdictions with no coverage of occupational diseases are: Mississippi, Mon- 
tana, Wyoming. 


1 Full coverage permissible. 


AppENDIx E-6 
JurispicTions Wuicu INcLtupE RapraTion DisEAsEs IN SCHEDULED CovERAGE 


Arizona: Ulcerations of the skin or destruction of tissue due to the prolonged 
exposure to Roentgen rays or radium emanations. 

Arkansas:! Diseased condition caused by exposure to X-rays or radioactive 
substances. 

Colorado: Poisoning or disease caused by exposure to radioactive materials, 
substances, or machines, or fissionable materials. 

Georgia: Diseased condition caused by exposure to X-rays or radioactive 
substances. 

Idaho: Radium poisoning by or disability due to radioactive properties of sub- 
stance or to Roentgen ray (X-ray) in any occupation involving direct contact 
therewith, handling thereof, or exposure thereto. 

Kansas: Diseased condition caused by exposure to X-rays or radioactive 
substances. 

Louisiana: Diseased condition caused by exposure to X-rays or radioactive 
substances. 

New Mexico: Ulceration of the skin or destruction of tissue due to prolonged 
exposure to Roentgen rays or radium emanations. 

ew York:! Radium poisoning or disability due to radioactive properties of 
substances or to Roentgen rays (X-rays) or exposure to ionizing radiation. 

North Carolina: Radium poisoning or injury by X-rays. 

Oklahoma: Diseased condition caused by exposure to X-rays or radioactive 
substances. 

Puerto Rico:! Poisoning by radium and radioactive substances. 

Pennsylvania: ! Radium poisoning or disability due to radioactive properties 
of substances or to Roentgen ray (X-ray) in any occupation involving direct 
contact with, handling thereof, or exposure thereto. 

Rhode Island:! Radium torte ae or disability due to radioactive properties 
offsubstances or to Roentgen rays (X-rays). 

uth Dakota: Ulceration of the skin or destruction of tissue due to the pro- 
longed exposure to Roentgen rays or radium emanations. 


1 Full coverage of all occupational diseases is also provided. 
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Texas: Diseased condition caused by exposure to X-rays or radioactive 
substances. 

Utah:! Ulceration of the skin or destruction of tissue due to the prolonged 
exposure to Roentgen rays or radium emanations. 


Vermont: Diseased condition caused by exposure to X-rays or radioactive 
substances. 


1} Full coverage of a!l occupational diseases is also provided. 


—— 


AppEeNDIxX E-7 


Coverage of radiation injuries under subsequent injury fund provisions of State 
workmen’s compensation laws 


i} 
Full coverage } | Full coverage 


Prior Subse- Prior Subse- 
disa- quent disa- quent 
bility injury | injury 


New Hampshire ! 
INOW SONOOF 2s ose oils x¢ 
New Mexico? 


North Carolina.» ............ 


Delaware North Dakota_._............- | 
at of Columbia... .....- | 


DN. |. cncdouecanmoncal 
Louisiana * 
Maine !___- 





Mississippi ! 
Missouri 


Montana !- 
Nebraska 





1 No radiation disease coverage in workmen’s compensation law. 
2 Must result in permanent total disability. 
’ No second-injury fund provision in the law. 


* Must be result of compensable injury or contracted in the Armed Forces while the United States was 
at war. 


§ Disability must result from military or naval service. 


* Must be aggravated by preexisting military service-connected disability. 
? Injury must be incurred in different employment. 


AppEnpiIx E-8 
WalIvERS 


Waivers are not permitted in the following jurisdictions: 
Alabama ! Louisiana North Dakota 
Alaska Michigan Oregon 
Arizona Mississippi Pennsylvania 
California Missouri Puerto Rico ‘ 
Delaware Montana Rhode Island 
District of Columbia Nebraska Utah 
Florida New Jersey Washington 
Hawaii New Mexico ! West Virginia 
Kentucky New York Wyoming 


‘No provision in the law, waivers not permitted in practice, according to the State workmen’s compensa- 
tion agency. 
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Waivers are not permitted, except for special disabilities, in the following 
jurisdictions: 
A. For aggravation of condition, generally upon approval of workmen’s 
compensation agency: 
Silicosis or asbestosis.* 
Occupational diseases. 
Silicosis or asbestosis.? 
Silicosis.? 


North Carolina 
Oklahoma 


Occupational diseases. 
Silicosis.* 
Occupational diseases. 
Silicosis or asbestosis.? 
Occupational diseases. 
Virginia Occupational diseases. 
B. For other disabilities or conditions: 


Indiana: No employee may waive the provisions of the occupational 
diseases act as to the amount of compensation payable except after ap- 
proval by the Industrial Board. 


Ohio: A blind employee may waive compensation for injury caused by 
his blindness. 

Wisconsin: Epileptics and blind persons may elect not to be covered 
by the act for injuries resulting because of the blindness or epilepsy. 


Waivers are permitted in the following jurisdictions: 
Connecticut, for accidental injuries only, upon approval of the workmen’s 
compensation agency. ‘ 
on upon approval of the workmen’s compensation agency.‘ 
owa. 
Maine, upon approval of the workmen’s compensation agency.‘ 
Maryland. 
Massachusetts.5 


New Hampshire, for accidental injuries only, upon approval of the work- 
men’s compensation agency. 


3 In event of disability or death following waiver, limited amount of compensation, nevertheless, payable, 

3 A workman seeking employment may waive all claims for aggravation of his condition, a worker con- 
tinuing in his employment and becoming disabled after a waiver will, nevertheless, receive limited benefits. 

4 According to the workmen’s compensation agency, waivers have not at any time been permitted. 

* However, veterans disabled by military or naval service may not waive their rights under the law. 


AprenpiIx E-9 


Time limits for filing radiation disease claims under State workmen’s compensation 
laws (covers limitations applicable to filing claims for radiation disease cases, 


except those resulting in death, under occupational disease provisions of workmen’s 
compensation laws) 


Date of Date of Date of 
worker’s | disablement |manifestation 
knowledge of symptoms 


See footnotes at end of table, p. 00. 
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Time limits for filing radiation disease claims under State workmen’s compensation 
laws (covers limitations applicable to filing claims for radiation disease cases, 
except those resulting in death, under occupational disease provisions of workmen’s 
compensation laws) —Continued 


Date of Date of Date of 
worker’s | disablement |manifestation 
of symptoms 


No radiation disease cov: ; 
year. 
No coverage of occupational diseases in Workmen’s Com 
6 months !2__ 


reg’ 
Pennsylvania 


Rhode Island 
South Carolina. 
South Dakota 
Tennessee !7 


ye eavoaseunabreceryerceselespba<ngbastin~ 1 year 


3 n 
No coverage , oes diseases 


1 Disability must result within 120 days from exposure. 

?1 year from the date on which employee first suffered disability and knew or should have known that 
his disability was cansed by the job. 

3 Within 1 year after knowl and 5 years after last exposure. 

4 Disablement must result within 1 year after last exposure. 

* May be waived if emplo not prejudiced thereby. 
ie Claim must be filed wi 2 years after disablement and disablement must occur within 2 years after 

t exposure. 

Claim must be filed within 1 year after disablement and disablement must occur within 1 year after 
the last injurious exposure, but failure to file within such time limits may be waived under certain cir- 
cumstances. 

$1 year after employee first experiences a distinct manifestation of an occupational discase or after date 
of last exposure, whichever date is later. 

* Notice to employer within 4 months of contraction of disease or 4 months of manifestation constitutes 


claim. 

%” Within 6 months “after its occurrence.” However, failure to make a claim within the 6 months shall 
not bar proceedings under certain circumstances. 

1! 2 years after employer reports occupational disease to commission, but not to exceed 6 years from date 
of accident. Disease must be contracted in employment within 12 months previous to date of disablement. 

2 Within 6 months from date of injury and bility must have commenced within 2 years subsequent 
to the date of termination of the employment. 

3 Within 1 year after the employee knew or ought to have known the nature of his disability and its re- 
lation to his employment and within 5 years after exposure. 

4 90 days after knowledge that the disease was due to the nature of the employment and after disablement. 

18 Within 3 months from the date the claimant becomes disabled and within 3 years after last exposure. 

16 No time limit provision. 

11 Radiation diseases not covered by schedule, but full coverage may be elected. If elected, claim must 
be filed in Virginia within 1 year after the employee first experiences a distinct manifestation or a diagnosis 
Saas is first communicated to him, which ever shall first occur, and in Tennessee 1 year after date 
ol lement. 

18 In meritorious cases, strict compliance may be waived. 

1% Within 60 days after cause of action. 

”} from date claimant has notice from physician of his occupational disease. 

31 Within 2 years after the employee knew or ought to have known the nature of his disability and its 
relation to his employment. 
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-AppENpDIx E-10 
SaMPLE Provisions oF TimME Limits FOR FininG CLAIMS 


Californta 

The date of injury in cases of occupational diseases is that date upon which the 
employee first suffered disability therefrom and either knew, or in the exercise of 
reasonable diligence should have known, that said disability was caused by his 
present or prior employment. 

No * * * proceedings [for the collection of benefits] may be commenced more 
than 1 year after the date of death, nor more than 240 weeks from the date of 
injury. 

Florida 


The right to compensation for disability under this chapter shall be barred 
unless a claim therefor is filed within 2 years after the time of injury, except that 
if payment of compensation has been made or remedial treatment has been furn- 
ished by the employer without an award on account of such injury a claim may be 
filed within 2 years after the date of last payment of compensation or after the 
date of the last remedial treatment furnished by the employer. 


Idaho 


Unless written notice of the manifestation of an occupational disease shall be 
given by the workman to the employer within 60 days after the first manifesta- 
tion thereof, and except in the case of silicosis within 5 months after the employ- 
ment has ceased in which it is claimed the disease was contracted, and, in case of 
death, unless written notice of such death shall be given within 90 days after the 
occurrence, and, unless claim for disability, or death, shall be made within 1 year 
after the disablement, or death, respectively, all rights to compensation for dis- 
ability, or death, from an occupational disease shall be forever barred. 


Kentucky 


The right to compensation under this act for disability resulting from an occu- 
pational disease shall be forever barred unless a claim is filed with the Workmen’s 
Compensation Board within 1 year after the last injurious exposure to the occupa- 
tional hazard or after the employee first experiences a distinct manifestation of 
an occupational disease in the form of symptoms reasonably sufficient to apprise 
him that he has contracted the disease, whichever shall last occur * * *. 


New York 


* * * The right of an employee to claim compensation under this chapter for 
disablement caused by compressed air illness or its sequelae, or by latent or de- 
layed pathological bone, blood, or lung changes or malignancies due to occupational 
exposure to or contact with arsenic, benzol, beryllium, cadmium, chrome, lead, 
or fluorine or to exposure to X-rays, radium or radioactive substances, shall not 
be barred by the failure of the employee to file a claim within such period of 2 
years, provided such claim shall be filed after such period of 2 years and within 
90 days after disablement and after knowledge that the disease is or was due to 
the nature of the employment * * *. 
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AppENpDIx E-11 
MepicaL BENeErits 


Jurisdictions which provide full medical benefits, by law or by administrative authority, 
for both accidental injuries and occupational diseases ! 


California Michigan Ohio 
Connecticut Minnesota Oklahoma 
Delaware Missouri Oregon 
District of Columbia Nebraska Pennsylvania 
Florida New Hampshire Puerto Rico 
Hawaii New Jersey Rhode Island 
Idaho New Mexico South Carolina 
Indiana New York Washington 
Maryland North Carolina Wisconsin 
Massachusetts North Dakota 


1 Mississippi and Wyoming provide full medical benefits for accidental injuries. The workmen’s compen- 
sation laws in these States do not provide coverage of occupational diseases. 


Federal Employees’ Compensation Act, Longshoremen’s and Harbor Workers’ 
Compensation Act. 
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Apprnpix E-12 


Selection of doctor under State workmen’s compensation laws 


Change Change 
|\Choice by} may be Choice by} may be 
| employer| ordered employer| ordered 
State Choice by} or insur- | by work- Choice by} or insur- | by work- 
worker ance men’s worker ance men’s 
carrier | compen- carrier | compen- 


MMM 


Pennsylvania.- & 
Rhode Island 


statalalalalatatalatata 





1 On request from list of 3 nominated by employer. 


2 Employee may select for dismemberment or major ert om 

3 From panel authorized by the Workmen’s Compensation Board. 

4 Except where employer is self-insured. 

5 Employee may choose from a panel of at least 3 chosen by Industrial Commission. 

* From panel of 3 nominated by employer. 

7 Employee may select his own physician upon written notice to employer if dissatisfied with physician 
selected by employer. 

8 From panel named by employer. 
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AppEenpix E-13 


Chart showing ratio of maximum weekly benefit for temporary total disability to 
average weekly wages by State } 


Maximum week-| Maximum week- 
ly temporary ly temporary Ratio maximum 
total disability | total disability weekly tempo- 
benefit—single | benefit—worker, tal 
worker and wife, and 2 de- 
worker with de- | pendent children 
pendents where | where additional and 2 dependent 
law makes no compensation children to 
provision for allowed for average weekly 
dependency dependents wage ! 
jowances 
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1 Maximum weekly benefits based on worker, wife, and 2 dependent children. Average wages based on 
wage of workers covered under unemployment insurance laws. 





Zz 
© 
c 
< 
a 
A 
g 
° 
5 
2 
fe 
° 
E 
e 
Z 
< 
1 
a 
fe 
= 
N 
< 
iq 
Z 
< 
EB 
a 
= 
i 


154 


“L19°CI$ 


“008‘ZI$ 
*(9) 

*SOOUBMOTIV ,S}Ud 
-pusdep snd ‘000‘zI$ 
"000‘e$ 
“000‘FI1$ 
"009'SI1$ 


“000°ST$ 
"009‘ET$-0820T$ 1 


000‘Se$ 
“000°0T$ 


"08z‘L1$ 


“000°Z1$ 
“00¢ZI$ 


, }uepusdep 
1810} Yowe Joy ¥$ SNId ‘OFS 


00°Se$ 


“yuepuedap 1840} 


yowe Joy og'z$ snid 


WINaXB YY 
AB] UT 
pe}ejs TIN XBUT 1870], 


‘O0"0ST$ 


SSO] J] OBVM [VNB 10 ‘NN OZ$ 
S89 J 028M [bNjOv JO “00° Lis 


SSO] J] OBVM OBBIOAB JO ‘OO'SIF 
unm Ulu £107nIVIsS ON 
“SSoy J] o3BM Tenqow 


JO LI$ JoyBo10g} ‘syoom ONE I81Y ‘o0'0z$ 


SSOf J o38M [BNIB JO “00" gI$ 


I 00°828-00'S18 

*@10UI 10 GT 018 

SINOY ZuTHIOM [VULION JI O1$ UBYY Sse] Jou 
qnq ‘SSol jl Beh AT WOM osvIGAB JO ‘O0'OZF 
SSO] J] 038M [UNjoe JO ‘00'SI$ 


SSO] JI OBVM [UNIV 10 ‘NO'SI¢ 
SSO] J] OBZVM OBVIGAV 10 ‘OO'SI$ 
1 00°E8$-08"61$ 


~~-"""="SS9T JT OBBM OSVIGAB JO ‘OO'RI$ 
SSO] J] OFUM [VND JO ‘OO'OT$ 

sso] J] o3BM [eNI08 JO ‘O0'R$ 

S89] J] OFVM OFVIIAB IO ‘00° gI¢ 

SSO] J] OFBA [BNIB 10 ‘ON’ ‘SI$ 


wrnuryuyu £103n4e4s ON 
munuryuyur £109nN4BIs ON 
SSO] J] O3BM OFVIVAG JO ‘ON'S$ 


Tan wyUy Ay 


oom Jod squewAeg 


---Syo0M 00F 
--=-=--=="= Ka BSTp JO poylod 


‘09° LZ$ UINUIyxeUl 
‘soZ¥A JO 1U9010d Cf 10jVOlIT} ¢ ‘SYM OO 


. » S¥oom 098 


~o====="==""5" KAITGUSTD JO POLOd 
““Syoom ZIG 


SYOOM OZ 
SYOOM OIF 


ani aemasndassansi on? M's SyooM (OOS 
~ -AJTIQBSTp JO poyieg 

“UAIPTIYO 10J CT$-¥$ snd 

‘AVTIQBSTp JO popzed 403 (ast quepusdep 
Ti SI$) Yooa Jod ZF 10}JBO10Y4 9:SYoom OOF 
AYTIGeSTP JO poylod 
SYIOM OOF 
SyooM OCk 


~~ £ITIGUsIp Jo poyzed 
SHIM OSPF 
= Cio aceon fC 


Sy}UOUI $Z 
Soom OOF 


poyied wnuwyxeyy 


Ajurqosip 7070) fiuvsodwua sof spfauag wmnwmirow pun wnururty 


pI-q XIaNnaday 


““BUTTOIBO WIION 


vay mer 4 MON 
Aoslo¢ MON 
olyysd wie yy MON 


BYSBIGON 

wieerurceeeee 
JANOss} A 

jddyssyss} WW 

ByosoUUT 

ues} yor 


6 $4 S}OSNYOVsss AT 
$499 puvp sre yy 
8499 ‘ 

9 

9 

09 
$499 

09 
S4L6-SL 1 


TWeMeH 


epHola 
BICUIN OH JO 49}4481q 


%I9 g 
"99 


G9 BuozyIV 
99 BASBLV 
C9-S¢ 1 -eecernes<-* e 


soBvM jo 
a3843U90.10d 
UMUyXV 


07898 





“APTIGestp Jo, pojsed Joy punj Ainfuy-puooes uloy ‘039 “QUBPUE}JE JULISUOD ‘UOTIeI{[|QUYo sv ons ‘sosed ogyoods Uy siyottsg [eUOIIIPPY +» 
epeul oq 03 SjusuALd ‘pred u9eq sey 000‘PT$ 101;8 JO ‘SOOM YNO'T 107JB :PUBIS[ OPO ¢ *gueol0d 
« O[NPIYyOs UoPVsucdUI0D PUB O3A,, B UIA GOUBP1ONNB UT Jos SPYouVG :Aes4Ol MON 1 Kg Jo ‘sdujusve penjow Jo yuoosed gg Jo yuedId gg Jo} Sepyaold MV] BPUAO;TTEO OuL ¢ 

‘oqeAud JUNoUIe APYIOM [8}0} SOUT} OUS POGOXO 04 JOU -UVSTYOTW 9 ‘syuspuedoep Joj s}yousg [BUOTIIPPY ¢ 
dn ALvIcdu19}4 4ojJ pojiod peyjoeds oy} Wl0’j peyonpep eq [[eys AITIqQesIp “syuspuedep Jo JOQUINU PUL SN{b4s [Ej] 1EUI 04 Zupps0908 
[ej4.1ed Jo poysod oy4 ‘AIT]QBsTp [eyj1ed Jo poy.iod vB 104J8 suTZ0q AII[}qQVSTP [eI0} OSBO UT g ‘BZuyuI0d M PUB ‘UOPZUTYSB MA ‘UOZ2IO ‘oyep] Ul “syuepuedap Jo JequINu 0} ZUTpPIODNY 1 


Trea “""""SSaT J] OBBM OFBIOAB JO “00 STS 
S89] J] OFVA [ENYIE JO “96'Sz$ 
[eiopoy -897381g peyUy 
suym0d 
£umqestp JO popled 
SYSOM BOZ 18499 
Aqniqes}p ye Popled 


"IZ Jepun prryo juopued | 
-ep qove Joy Zz} snd ‘Qo'oRs SSO] JT 020M o3¥s048 Jo ‘00°8T$ 


“os e19" ers-o10 ols 1 193" L¥$-00" ses SSOT Jt @BUM [BNIDB JO *TL'OL$-CL" ez “~~ “S49OM ZIE 
r r Tay Tie | PATA SOOM 10P 


‘ZI$¢ UBY4 SSO] yueao 
ou Uy Inq ‘Sse, J] OFVM OBVIOAT 10 ‘00" gI$ 


"77 889] Jf OBB OBLIOAB JO ‘00'S1$ 
~-====99'0¢ |--- . J eulTOIBE) YWNOS 


"000°01$ |---~---~ 9 p 
“(s) , eine , RIa 9 ““""" OO L1$ [>"> 7" : s AVNQestp JO popsod pus] spoqy 
: F na pete ae ork “-="90'e$ aw: oon oe 
"GI¢ WR) Sse] YUVA OU 
Ul INq sso] JT OFBM [eNO JO %0G 40 *00"¢Z" =e Ferhat ee ee 
““SS0] J] OFBM [UNIO JO ‘UINUITXeUT SB oUt . oe ~~~ A9TIQeSIp JO por19g Sl-08 1 
S89] J] OFVA [ENPOV 10 ‘ONO'S 1y |~“SHIOA OOS 0F pepuazxe oq Avul ‘syoom og [$499 
S82] J] OFA [NOR JO ‘OO'F1s SYOoM OZS [5499 
“e3Ba\ [eNjOV poeoxe you Avul 
1 OS Sh$-0G"1e$ | 18309 9Nq ‘pTTyO Yous soy OS'z$ sNTd ‘OO'STs | ; APTASSTP JO poysed | 08 


> 
“uo 
ma 
: 
ai 
4 
: 
5 
a 
a 
3 
ce 
a 
o 
2 
Q 
rs 
Z 
3 
= 
s 
a 
< 
es 





poneennepneceneneees SYOOA OOF | 09 ~-==""*"8UTOIBO) WON 


fh 3 <0 90 <9 <8 <2 2 DOSS Eee | -~------="--£arT1GRstp JO DOLad |$¢99 peepee eee ee, 


‘nnn'oTe ee. ae oa. “-""=on' Ces iz om eames as ane eens eA tancnee 


Z 
S 
3 
A 
Q 
5 
2 
Z 
E 
a 
Z 
S 
& 
~ 
a 
es 
6 
i 


‘(e{npeyosuon) oog'z$ ; 
"(afmpeyos) 00s‘ZI$ ooses 
pass 


*(o]npeyosuou) oos‘ors{ (9[MpeYos) 0O'9Z$ 


*sjuepuedep jo Joquinu *syuopuedep jo Joquinu 
04 Buypiocow 00S*ETS-09z'OI$ | 03 Suyps0s08 O's¥$-00'6e$ 


eireat 
eTMpeyos) 00'S 


*(e1npeyosuon) g¢o’6s | ~~~ 
"(eTMpeqos) OOF'ZTS 


*(efnpeqos) ooF‘ZI$ |--~ 
WINUTXB IY 

¢ AG] UF 
pe78ys UINUIAVUT [870.7 


(etpeyosuou) 00" cil 


“S89] J] 038M TeNjow 10 ‘OO STS 


mInuyoyur 410303838 ON 
“"S80] J} OSB [eN{08 JO ‘ON'OT$ 


“sso[ J} O3e [enqow 10 ‘o0’eT$ 


“s89] 
JI 038M e3v10Av JO ‘00'SI¢ 


“squepuedep jo Joquinu 
0} Suypi0008 00'ee$-09'6I$ 
‘e[npeyosuou Joy 
UINUUUION *(e{Npeyos) 
SSO] J] 038M OF010A8 IO ‘NN ZI$ 
“SI$ UBy} Sse] yOu JOUyUT 
jo Aqiqesy ~é jo seo Uf} 
nq ‘ssa J} edB10A8 JO ‘00'SI$ 
‘eINpeqosuou 410} waNUI 
-JUjal ON *(alnpeqos) 
S859] J] OBBA [UNIVE 10 ‘OO'OT$ 


¢ SYOOM LTP 


¢"soqinfuy 
enpeyos 07% uUoTI0d0Jd Uy 


s AqIqestp Zuyang 


~""sSo] J] O3BA [VNIOB 10 OO'S$ 


uinuyuyur £109n481s ON 


-njieis ON ‘(eTnpeqos) 

S89] J] OFBA TeNZOV JO ‘NOSIS 
“ernpeqos 

-uou JOJ wMuUyu A1049n 

“4838 ON = “(OTMpeyos) OO'STS |-~~ 


-peyosuou JO} wmNuyuTUT 
4103N4Bys ON “(ommpeyos) 


sso] J} O3BmM [eNjow JO ‘oO'S$ SOOM OOF 


TOM Ua Ay 
un Seynf[uy ofnpoyqos 
a -uou ‘pojied umnumyxeyy 


¢ 400M Jod syuowAeg 


Joquinu 0} Zuyps0008 99-G¢ 


*(eTnpeqosuon) 0-99 


‘(a[npeyos) sjuepuedep jo 


JOqUINU 04 ZuTp10008 34 16-92 


“*syuepuedep jo 
BUIeqeTy 


1 SSO] 038M JO sodBM 


Jo o8eyusol1ed UINnU xB 03839 


Ajipqosip porsod yuaunusad sof spfaueq wnwizow pun wnwiurpwy 


SI-q7 XIqNadddy 





= 
é 
a 
a 
fal 
n 
E 
a 
& 
Z 
S 
< 
a 
a 


"000°01$ 


s1'000°S$ 10 000° 


ee eee ewww ewww ewee- + 00°08¢ 


senceancagnenenibewse << 00'oe$ 


or’ (orn pas 00°zz$ 
(eTpeqos) 0O'Kes 


OE er. 2 2 ieee a 00°%2$ 
(etnpeqosuou) aint 
(TM peyos) Og" LE$ 
#1'S}Uepuedep jo Joquinu 


“wou 10} wiNntmyUuyM A103n 

“4838 ON “(9[Npoyos) sso] 
Jt 038m oO3v10ae 10 ‘ON'ST$ 

“ern peyqos 

-uou 10j winulyuyur AJ04 
“4838 ON = *(OTNpeyos) OO'S$ 

“e[npoeyosuou 
Joy wINuTyUyUT A10OjNIvIS ON 
(o™Mpeyos) 00'ZT$ 

“ern peyos 

“wou Joy wmMUyUyU AJOjnN 
“4838 ON ‘(o[Mpeyos) 00'S 
~-""="TIT MUP UT £104NIVIS ON 


“(oIMpeyosuoN) Og'ZyL'9$ | 04 Buyps0008 G6'99$-00'0E$ |-"~~~~~~ == === “80'e2$ 


“s}goueq 

Terjzed yuouvured [Te J0j 
UMUyXeu 9363013938 Q00*OT$ 
st UOTSsTATC ‘080° ‘S$ 
a V WojsjAtq ‘o0g*2$ 


*000°0T$ 


[8 ,sjuopucdep entd 000°zt$ 


*(eynpeyosuou) 00s" i 
*(etnpeyos) 0os*zT$ 


eee ae eed 00°08$ 


*sjuspuedep jo Joquinu 
04 Suypi0008 09°ZF$-00" 8z$ 


“syuspuedop jo sequen 

0} Zuyps0008 00'ZS$-00'se$ 
1 (eeA0]d 

“mle OY} JO o3em ATyoomM 
e2e10AB 94} posdxe jou 
Treys sjygou es 
-Op JO 048301338). 4 
“Op Yous 10j FH Sy ouve 


er ser ra oo'ses |- 


Penereecoresoresthrnt 00’se$ 


““ S89] J] OSB [VN{OB JO ‘OO'ST$ 
“eTnpeyos 

-uou Joy wmuyUuym AJOjn 

“4838 ON ‘(@[Npoyos) 0O'FT$ 


“aqnpoyos 

-uou Joy umMuyuyu Aroyn 
4848 ON *(@[Npeyos) OO'OTS 
~ S89] J} OSB [BNW 10 ‘00'0Z$ 

*(eTMpeyos) 
S89] J} O3BA [VNAOV JO ‘00’ LI$ 
weer Mee ee ee 00°0Ts 

aoa) gous “tts 
S89] J] OBBM OFBI0AB JO ‘NN’ OZS 
rikgitose ts Cafes t are: Te yo" lT$ 

‘9TNpeyosuou JO} uINuyUyUE 

4£103N3818 ON *(eTNpeyss) 
SSO] J] FVM [VNWB IO ‘NN"0Z$ 

‘eTNpeyos 

“wou Joy umMuUyuyUT A£103n 
“4838 ON = “(9[Npoeyos) OS"9z$ 
RST es eee 00°9T$ 
(e[Npeyos) 00°01$ 


~sso] J] 038M TeNjov 10 ‘00'ST$ 
~- "= COMO Ua £10303838 ON 


aetmnatwen ot taneonaed 


‘ernpeyos 


et ee “BUT[OIBO TINO 


0 
eTMpeyos) Og 


*syuepuodop jo 


anf{uy 
JoquInu 0} Zuyp10008 91-09 


9°89 
gnpeyos 03 uwoTjJ0do1 


er MBT 
Uy poeeussep ported ON 


SHOOM OOF 
Armmasyp sun 


eINpeyos 0% uol1 O1 


“*syuepuedep jo Jeq 
-minu 0} SZuypi0008 ‘8499-09 





a ae ea 9 Aqaestp Zayng — casera 
Sk ORR, . SPE EA cel Bits cckenaeasiel | 


a 
° 
—_ 
eH 
< 
MQ 
A 
a 
° 
o 
2 
Z 
5 
G 
° 
e 
a 
Z 
< 
mM 
Qa 
[ont 
< 
N 
= 
es} 
Z 
° 
— 
e 
3 
a 
< 
oot 


158 


‘gI-q x}puedde oes ‘soyinfuy ejnpeyos Joj poysod urnuiyxeur 10g 4; 
*(umuyxeur ZE$) A}ovdROU] [8}0} JOJ SU 0381 OUIeS O43 38 Pred ele 
Ajjoudeoury jeyjsed Joy spyoucg A[yoom ‘ese MOsTO B[QUIFEAB S] 4] MOUS JO YOM YONS WY 
@A]Z youUBO JeAO|dUIO PUB FIOM O[QEIINS UTeIQO youUBO eoAO|dUIO J] :puUBIs] epoud or 
“ANTIGSSTD 
1830} JueuBIed 0} UOT}I0dO1d Uy popesd sojInfuy e[NpeYyosuOU JOJ OOO‘S$ PUL ‘seyInfuy 
e[Npeyos 03 uo}J10do1d uy pepeld sejunfuy o_MpeyssuoU JOJ puv seTinfuy e[NpeYyos 10J 000'FS 
S} WINUITXBUI [8}0} ey, “AII[IQBSTP [8107 JueUBUTIEd 04 UOTJJOdOId Uy pepLAd J] Syoom 
OS’ ‘“soynfuy e_Npoyos 07 uoTI0doO1d Uy pepels JT poypoods jou popieg :oo;y OF1ON ¢ 
(‘gz 0300300} ‘g[-q x}puedde vag) ‘e1qe} Sty3 Ul UMOYS eSOY? 0} Pez} UITT 
sjueurfed A[yoom UINUXBUI Inq ‘MB OY} UT peyfoods su ‘ARIT]GQeSTP JO selZep Yowe JO} 
03°9F$ JO 0481 OY} 4B PojESUOdUI0D GIB SopLin{ul [efjsed JusUBUTIEd o_Npeyog ae : 
“@dA0[C 
-ur9 JO UOT}OOT9 UOdN (,,4{ WOISTATC,,) QUOUTITedIAy pwoJsAYyd jUOUBUIIOd JO JO (MBI UT ,,V 
UOISTAIC,,, Pel[Bo) JuoUTIeduIT AjjoBdvo ZuTUIve JO 858} UG0Jed UO peseq S}Yousg ‘:O;YO er 
*,,OINpoeypos UoT}esusduI0O pus 93BM,, B YILM VOUBP10IIB UY Jos SJYOUNG, :AOSIOL MON gr 
‘gl-a xppuedde veg ‘s3y 
-9Udq 10130 [[B 0} UOTIIPpe UT SepINfuy ojnpeys 10J pred st Yoo B NZ$ SPOSNYOVSSE PY UT 1 
*SY90M OOF OYJ UOJ pajonpep Ss} syuewAed yons 
jo pojied oy} ‘AiTIGesTp Jo sedA4 10440 JO pred s} UOTesuedUIOD O10 MA 7 ARONGUOY o7 


cmunuyuyu £103n3B4s ON 


*“SSO] J] OBB [UNIIB IO ‘9G"Ez$ 
*sn4Bys [8] I8UL 
Zuyps10008 )=- ge’Sz$ LL" 


e STIZI$ 
*Snye4s [BIf1VUL 
0} Buypi0oow ge'Sz$-LL"0Z$ | 0% 


*soyintuy 
enpeyos 03 uoodoid uy | "~~~ umuyUyUI A109N9848 ON 
“e[Npeyos 
-uou OJ winwyuyuL A10} 
“78S ON “(OTN PEYS) OO" 
‘anpeyosuou 
40} unwyUuyUL A£10}N7e4S ON 
*(@[Npayos) sset 
J} o3emM o8B10A8 10 ‘OO'SI$¢ 


*(eqNpeyosuon) 009"z$ 


00'ses 
~-(ajnpoyosuou) 00'8I$ 
81% 40p 
-uN p[}yo yuepuedep yYyove 
40} 2 Snid (a[Mpeyos) OO'Oe$ 
*sju9puedep Jo s9quinu 
"98°02Z0'8$ | 03 Buypsocooe oz’ zeg-00'¢es 
= 00°Ses uinuyuyor A103N{BIs ON 
‘ZI$ UBYY 
SSoI JUZAG OU UT INQ ‘SsoT 


‘000 T1$ J} e38a ofvs0ae 10 ‘0O'cI$ 


WINUIIXB PY wmnulyayyy 
¢ M8] Uy 


p0}84S UINUIIXBUE [8}0,], 


¢ 490M Jod sjuoumAeg 


‘szueurAed J0440 [[8 JO Ney] Uy ele spUeUTATY ¢ 
“070 ‘jUBpPUE7348 
QUBISUOD ‘TOPVI{[IGeyes [BUoT}BOOA su YONS ‘sosBd poypoeds Uy s}YoueG [BUOTIIPPY ¢ 
*gusoled 99 JO sseoxe UT AZI]}QVSTp JO JuUe0Jed | YORO 1OJ ssuTUIeG 
A[WOOM OF3BIOAV JO JUdOIEd | JO UOJsUEd eI] ‘e1OUT 10 JUGOIEd OZ ST AIIIQUSTP JT 4109; vOI0q9 
pus ‘AqI[}qes~p JueuvuLIed Jo yuoo1ed [| YORE 1OJ UOTJESUEdUIOD JO SYOVM F :BIUIOJ [VO ba 
“quedo. 
Hig Jo ‘sZujusve penjow Jo yusosed ¢6 JO yusdIEd gg OJ SEPJAOId MBI BIUIOJI|VO ILL, » 
“‘syoom JO Joquinu dyweds 8 07 saqyRyg 
OULOS UT PORUIT] S| Yor ‘AQTQestp [e307 Ares10dur94 10jJ UOTZBSUSdUION 04 UOIIPpPB UT ¢ 
*[8tj1ed 04} ur0Iy poyonpep oq [TeYys AIIGBsTp 
[810 JO posed 949 ‘AI[IQesTp [8404 JO poried 8 Joye suTseq AP IQBSIp [eTj1ed ey} osEo —- ’ : 
* "PL 
Jo (840) 8 pasoxe jou Avur ynq ‘seymfuy [e103 yueUBUTIed 0} UOTJJ0dO1d Ul ole s}yeTEG 
sojinfuy eynpeyosuou JoJ ‘syuepuedep Jo Jequinu pus sNyeis [BIJJVUT OF ZuUTpP10008 ZUTAIVA 
pue 002‘2$ 07 OOR$ WO’ ZuZuRl suns poxy o1¥ sojanf[uyl ejNpoeyos 10J syyousg_ :vysely ¢ 
‘9I-G xipuedde oes ‘sojinfuy oyNpeyos UO UOTBULIOJUT JIN] JOg “poejoU osTMJ1eqjO 
sse[un sejinfuy ejNpeyosuou puB s[NpeYyos y}Oq 10j pred yuNOUTe oYy ST — are : 
*Aanfuy Jaye 
SOSBM W00MJOQ BOUAlayIp JO sjseq 944 UO seyINful e_NpeqosuOU 


sodum pues Ainfuy 0.107 
J9AB UO peInay Ss} e8e}Ud0I0d SefinfUu] 9[Npeyos Joy ATpeIVUdF) 7 


40} pus ‘sodvm AL yoom 2) 


UsUIe1OYssUO'T 
“seoA0[d 


“syuepuedep jo 10q 
-W19 [B1Opeg -8078Ig Pez 


¢ AgIQestp Bupmq | -umMU 0} ZuTpsi000B8 ¢2-8¢99 


¢Seynfuy 
enNpeyos 0} woyodoid uy 
9Inpeyos 04 ae uy 


BlUIZITA 


en enn enn en renee ne-- ;UOUIIOA 


» SYOOM ZIE 
Rysenoscowen=n, amen Gee 


¢ SYOOM OOF 





1 SSO] O3BM JO sosBM 


ut Setanf{uy efnpeyos 
Jo o3ejUe010d wmnUxe py 


-uou ‘poyied umMuUlTxe yy 


penuyu0g—fpprqnsip porsnd yuaunumaad sof spfausqg wnwirom pup wnururpy 


penuyu0j—g[-—q XIaNadady 





"191 “d ‘o1q¥} JO pus 4 s9}071}00} 9eg 


OST ee 
Glisy 


28S 8 
GLI 


3% 222 8 RAS 


BIRR BRA 
DRSARR R RRR SRRBRARRZ 


—_ 
_ 
 . 


R RAR 


| & 





SABO Ive eho Josuy (s9plnoys 
‘Suyivont een JO 144Ig |90} 19YIO} 904 WIIF) 007 3a] o1431'T Jasuy pe | Josuyg pz | Jesuy ist} quinyy, puey 78) uly wie 





—JO 9ST JO SSO] 10 SSO'T 


om 
a> 
= 
Z 
o 
= 
& 
< 
MQ 
A 
& 
o 
Oo 
mp 
Z 
Q 
Z : 
m 
o 
z 
z 
mM 
Qa 
[ew] 
< 
N 
< 
0) 
Z 
° 
= 
& 
< 
_ 
a 
< 
a=) 


a ————————————————————— 


(¢I-q xipueddy uo umoys spyfauag Ajysan havjauopy) sarunfur aynpayos Lof aqofind s1 uonvsuadmoo yoryn sof syaam fo saqunyy 


9I-y XIaNaday 





‘sjueumAed 10430 oO ti eur 
‘gI-a@ xtpuedde oes ‘sozinfuy ejnpeyos J0j poysed umnuryxeur 10g 4; ” eee sone sUBpEeese 


LE 7 *(mmmuxeur ze¢) A}jOedeouy [8304 JOJ Su 0381 OureSs OU} 38 PTed ele QUBISUOCD ‘COMBINIGBUGl IBUOTIBOOA sv UONS ‘soseo peumeds ut simeue0 TweTOMNMpwW « 


¢ UsMIelOYssu0'T 
¢ SooAO| CUTE [Blope,T 
$0989 pozuy 
ee ff ee he ene ne epucwuevcrer|seenersce~|senatascanlncscocsecelesconcossclococonsces|anaceconce|weceaneneoce| annesneses|wonwanenes|ocaneonewesnasesss gg SUPUIOL MA 


ig UJSUOOS] A 


8 RRRRzS 


R & RRAR 
8 8 R888 


RRR 


; 


¢ Aoslo¢ MON 

ss O1]GSdUMIeAT MON 
¢ BpBaon 

¢ BYSBVIQON 


2&8 & FS RASBSESRRR 


S189 430q Jo3uy (J9plnoys 
‘Bujrwey | ‘BujzeeF | JO 74Z}g |00} 10430] 003 yvoIp O14" | 403uy pe | soZuy pz | Jesay 4st] quinyy, pusyH | 38) wy 


—JO 98N JO SSOT JO ssO’T 
_ 
penulju0j—(9i-q mpueddpy uo umoys spfauag Ajpysom havjauopy) sarinfus anpayos sof aqvhivd st uornsuadwmoo yoryn sof syaam fo saquny 


penuyu09—gI—q xXIGNaday 


S 

< 

é 

e 

8 

z 

= 

: 

F $$ 
2 : 
: 

i 

g 

Ee 

a 

3 

= 





m= 
oo 
me 
Z 
°o 
E 
a 
& 
g 
° 
oO 
2 
° 
e 
a 
4 
mM 
Qa 
& 
NS 
PS 
Z 
s 
& 
< 
a 
< 
mG 


(‘Buj1B0y JO sso] 10J WoFsTAoId on) *000‘F$ ‘joo1073 143}8 
Oty} JO JueOIEd 06 ISBOT 48 10 OLE UB Jo SSO[ 10] ‘OOF*PS ‘COTY OAOGE Jd] B JO SSO[ 94} 10J 008 14 
*‘moq[e ~ WII JO SSOT 1OJ ‘COUR SUT 10," + “*SoLINfuy O[NpPeYoS 10j SUIS poxy Jo JueUTA 
JOj soppaoid Mey] ‘AjTTI}Qestp [ej03 Ases0dure} 10j syueuAed 03 wOHTPpe Uy :2uyUIOA AA oe 
“SYOOM ORT ‘Sve Z ‘syoOM OF ‘Ive T :JUeUT 
-£o[dure uy esjou 0} emmsodxe Aq posnevo ssoujvop [euoT}edno00 [¥j0} JOy “syoom $4EeE 
‘sive g ‘syoom 0g ‘180 [| :BUINGI, TOPPNS JO JUSPJOOw OF ONP SSOUJVOP JOT :UJSTOOST AA re 
*quyjof jeurtxord 78 SSO[ 10J SYOOM Q JO ‘SyooM OZ 8004 
J0y}0 S4UTOf [BUTXOId 4B SSO] OJ SYOOM g JO ‘soo OZ ‘004 PZ JO SSO JOT :UJSMOOST AM ee 
“BYOOM OZp ‘OoULY 7B ‘syooM OG “JUTOf diy 4B SSO] :UjSMOOST MA ce 
“0¢ Spesoxe seAo[dure yons Jo e838 oy} IBEA YORE 
Jo} queored $4z Aq peonper peyyoods sporied ‘Og eaoge sf GeAO[dule oJ AA «= “*S89T 10 O28 Jo 
s1B0h 0g S| Oy Cofo[dule UodnN peseq o1¥ sojinfuy o[N pes Joj opeul ere sjuSUTAEd YoTyM 
Supp spoyeg ‘AI [FQesyp 140} Ares0du19} J0j syuewAGd 04 UO;{;Ppe UT :USUOOST MA ie 
“syoom 00% ‘431q} ‘syoom Ope ‘B0] JO sso] -ByUTBITA ey Mos 
‘sive 430q Ul Zuysvey JO sso] oje[duI00 ‘o¢z‘e$ ‘uoj;eofonte Aq eAo | Jo SsoT ‘gze"9$ ‘mogTe 
eAOgs JO 38 ULIe Jofeur “009°2$ *‘UJOM Oq JOUTIBO ULIY [efOYTII8 Uv ey} Joprnoys 7 vou 
OS ULI JO UOT}eINduUTB ‘O0g‘Z$ ‘WIOM Eq JOUUBO QUIT] [B/YIIIV ey} diy oy IveU Os Ze] [ Jo 
uoTendure 1oj ‘eouBsUT Og "AI [}QestTp [e103 Are10d Ure} 10) sjusMIAGd 03 UOT{Ippe Uy ere 
Woy ‘sezimfuy peyyoeds Joj surns poxy jo JueurAed Jj sopjaoid Me] :UOZUTYSE AA o¢ 
‘TeyJdsoy pus [eoypeur 4dooxe s}Youoq Joy}0 [[¥ JO NO][ UW] :JUOUTIOA p¢ 
*18Q [ U} FUjIveY JO SSO] JO} SHOOM CZ SMOTI[V PIBOG JUIPPOY [VjIjsNpu] Oy], :SVxXaL, x 
‘ “puns soUuBINsUy 97879 047 
Jo JexvuVUT oY} Aq PEUPULIOJOp 0q 0} O18 SOTZITIQUS|P [BNSTA JUSUVULIET haan oxen oa 
“nt 94011300} ‘gT- 
xipueddy 90g) ‘Sujzvey pue 4yZ]s [euLJOU 07 Ss[seq oyeUOTJAodod 8B WO SeInZy ore ose], 
“SujIveY PUB qZIS JO SSO[ 10J Jes Seo1Zep Jo Joquinu ogeds ou s] o10y “092‘9$ 10 sooiZep 
OST ‘eeuy OAOgS Ze] [ Jo UoTeIedes Aq sso] ‘OFO‘S$ 10 SOOIZOP ZHI JUJOL MOG[e GAO JO 4B 
ULI [ JO UOTIBIVdes Aq SSO] JO} ‘souBIsSU] 10g “ANU Jo SoIZOP YORE 10J OG’OF$ Jo QuOMIARd 
Jo} sapyaoid Mel ‘AUTIQUstp [e304 Areiodule4 Joj syuoutAed 03 UOTIIPpB U] :U0ZIGH ¢, 
“SOOM C6] ‘OoUY 4B ‘sHoom FEZ ‘IY 4B ZO] JO sso] :BIOYVC] YON 9¢ 
*Ainfuy JO SSB[o YORE JOJ spojied pexy specoxe 
Ayqesyp [8303 Areiodure, Jo pojied ssajun syuewAvd JoqjO JO Nol] Ul :YIOX MON ez 
“aed JUGUOdUTIOO B ST} 10 
SUM [BULZIIO GOIYM JO JeqUIOUT Jey JOUL 0} SSO] S]T 01043 O10 M (Z) puB ‘AJOZINS IO UOTE} 
-ndure Aq sso] Uy} s}[nsel A[JUENbesqns osn Jo sso[ e10yM (1) PeZ[1OYINV UO}eINp oUTOS Jo 
Spojied Zuy[eey [VUOWIIPpy *Zuyrwey jo sso] Jo oseo uy Wdeoxe ‘syoom Jo Joquinu poyods 
JO sse0xe Uy] 40U poy ZuyfRegq [enjow 10j uopesuedur0d sniq :eljysdureyy MON zz 
*gO0} 10 puvy JO sso, 0} UOTJIOdO1d 
Ul ST 890} pues veo JO 98M JO SSO] 10 sso’f” *s}YOUSq 10490 [[v 0} BOI ppv UT ST stg, 
“peqs|[ spojied ogpeds 043 J0j e[qeAvd s1 A[yoom OZ$ JO WINS Jey Y :sjeSsNyoessuyy j¢ 
“BICO[GIp 10} 19 :OUTBYW oz 
(LI-q@ pue ¢i-y seorpueddy veg) ‘pred oq [Teys Ayoedvouy 
qons J0j syyoued ‘Ajjoudvou] 1810} JO jeljied jenjoe s] e103 Jy ‘popied poypods oy} soi y 
“e[NpeTos OY} UT USATZ Popsed oy} 10J [8307 9q 0} pouTeEp Ss] AZpPOBdVoUT OL, -ouTBePY 


“SyOOM CT UInuITXem ‘posed afnpeyos ey} Jo yuoor0ed 
OT peeoxe 03 you OJ poyied JZuyjvey oq} Zulnp pemorye oq Avur uOTJesueduIOO feUOT? 
“IPPB Sesvo UTB7100 Uy Jey Jdeoxe ‘sjyousd 10430 [[B JO Ney] Ul Ov SjUCWIAB :sesUBy " 
“SHIM OT “003 
439 pus ‘syoom GT ‘00} WIP ‘syoom OZ ‘803 pe ‘sx90mM Og ‘06 pz JO SSO] JO :wULTpPUT yg 
“sjuomAed Jey}0 [TB JO Ney] uy oue eTnpeyos stqt 
Jopun sjusurAed ‘sopinfuy 10q30 10g “sive 4IOq JO | UT ZuTIVEY JO sso] 9j0;dUL00 40. ‘aA UB 
U} WOFSTA JO SSO] yUd0I0d 06 ‘1oquUIOUT JO SSO[ OJOTdUFOD JO juTIIVd JOJ ‘syooM OZ Suppecdoxe 
you Ajiqestp [8307 Aresodure} 10) sjuourAed 0} UOT{IPpB UT O18 SJUOUIABA ‘BUBIPUT or 
“pomoyle st (Zz JO 
1830} 8) SyOom CZ [BUOTIIppe UB ‘JUTOf diy 94} 4B PezE[NOTZIESTp S] So] Jy 40 ‘posh oq youUBO 
QUIT [ePYTIe us yey} FujOf dyy 0} osOjO Os poJENduIe Ss} BO] J] “SyOOM [VUOPIPPB gz 
‘90Uy GAOQE S} UOTWBINdUIe J] + *FO[ JO SSO] 10J SYOOM HOT “POMOTI[V ST (ONE JO 18709 B) SYOOM 
¢9 [sUOTIIpps us ‘ZusOf JEplNoYs ey Jv peze[MOTWIVSTpP ST WIIB J] 10 ‘pesn eq JouNBO ULI 
Te}oyIW4e Us 4B} JUTOL Jep[NoYs oy} 0} OSO]D OS poEINdure Ss] WIV J] "“pemoT[e st syoomM 
TeuoHTppse gi ‘mOqje eAoge Ss} UOTeINdWIY J] “ULIG JO SSO] JOJ Syoomn CES :STOUTLL er 
“qUuIT] [B}OYTjIe Jo sn epNypoeid 04 Sv esoTO Os ‘guTOf ay 48 S80"] 
*yujof [euryxo1d 98 SSO’ er 
“001 8 
JO 9880 U] CUO [esIeZEJOUT JO ‘1aZuUy JO Quiny} & Jo osvd UT OUOG [edueORJEmM JO SsO’'T 7 
*O]qIssod quiy] [BPYT}AB Jo ost J] COU GAOQB JO 4B BO] JO SsO’'T 11 
*S3uyUIvO A[YoOmM OFvVIVAB JO JuddI0d YZ 0} OT JO UOTSUEd OJ{] B AAT Ss} COAO|duTO ON} Poysed 
O[NpEeTyoS 94} 10j s}YeueG FZuyAyooes 104Je ‘a[qissod you st seseqysoid jo osn A1OjOVJS}IES A[Ge 
-U0Svel J} ‘30] B 10 ‘puvy JOfeur oY} 10 ‘ue UB JO SOT JO OSVO UT “SyoOOM 097 ‘90UH CAOGE 
10 38 30] ‘syoom O7z ‘puvy JOUuTU ‘syoom OFZ ‘puBvYy sOfevUT ‘syoeM 09% ‘IIe JOUTUI ‘som 
0sz ‘urze Jofeur :Ajdde somsy Zujmoyjoy ey) *pesm eq uvo seseyysold oJoy N “e1qissod 
90U S] Ssesoy4soid Jo osn A1OJOVISTIVS A[QUUOSBOI BIBI, M SOSBO 1OJ OIB JOO} puv ‘SOT ‘ULIB JOJ 
—_ sain3y sy, ‘838 pus UO}JedNd00 J0J WOTWOYTpOUL 03 JOjId ‘sduUy}e1 PABpURIs O18 
UGA]S SOINZT «‘ooAOTdure JO UOT}edNI00 pus e388 UO paseq ‘AIGA SZUPIVY 2VlUIOJ[VH or 
*Z0] JO SSO SB POEpPysUod OT YUB 9AOGe Fe] Jo sso] ‘308 ,SooAO|dUIe [BIOpeT 
ey} Japun pue ‘sesseuuey, pus ‘Jddysstssipy ‘ouTeyy Ul ‘“eeuy JO dq 4v Bo] JO sso7y ¢ 
“ULI JO SSO] POJEpTsuoD oq TTeYySs 4S}aM 
04} ®AOGe UIB JO sso[ ‘joe SaoAO[dme [BIOpeg OY} JopuN pus ‘oossouUO, ‘JddyssIssT Hy 
‘ouTeIy Ul “pesn oq JOUUBO JOqUIOUI [BPOYTIIV JT WIE JO SSO, PelEp]suCd MOG[e MOTeq 


ule JO uoT}eInNdwe Boye YqINOg pus BJOSeUTT;_Y Ul ‘“AOIe JO JepfMoYs 4v sso’y ¢ 
“HOT}BYONUG JNOUITM 2 


“uoT} venue Ag 9 
“OQ UIOUL JOUTUI 10g ¢ 
*1OqUIOUI JOf[VUI 10g » 
“posed Zuyjeey ey3 jo 
qied Jo [Te Bujinp Ap Pqesyp [804 A1e10du19} Joj spusUTAU 0} UOT}| PPB Uy Ole SPUOWTABY ¢ 
“009 1$ ‘180 T 
uj Zuyivey Jo ssol oy} 10} ‘909*e$ ‘eA We Jo SSoy O43 10} {007 ‘L$ ‘BOT 8 10 UIe UB Jo SSOT O44 JOJ 
‘Q0UBISU] Joy ‘solInf{uy o[Npeyos Jo} suns poxy Jo JuemIALA 10} SOpfAoid Mu] [BASULV ¢ 
‘syuourANd 10430 [[B JO Nef] Uy 1B B[NpoYIS Sjq} Jopun sjuemA ; 





FMAM VLU 


¢'000‘01$ pcere cans een are sas ee oo'ees [Sere Saree ewan nee = aieeaees 00°o1s | Uy Sopinfuy Z 403 SYOOM OOG ¢ {SHOOM OOF | 09 | we aennn--- BuyorwD YWON 


SSO] J} OBBA TeNI08B JO ‘OO'Oz$ 4IOX MON 


S89[ J] OBB TVNIOV 10 ‘OO'LIF 
rT 405 pred syyeueq 


s1 00'OFS |": 00'S$ OG ABUI SYOOM OCF 104J8 ‘00'OI$ | SUOTI]PU0O UTeI100 JOpUN ¢ ‘syooM OCF 
MASCOT ONT OI she sees i err eee 4 00°2e$ S89] J} OBB [VNIOV IO ‘0O'OZ$ 


pe RE TOE Ree we 1 OL’ LYS-O9' HES uInuTyUyu £103N78IS ON oT 
*Sso[ J] OFBM [UNIOV “OFIT 10} 09" LZ$ TANUI;xvuT ‘sede 


TAY SE TANt tere RTI eae 00've$ | JO ‘LI$ 104j)8010q3 ‘sYOOM 00E 1819 00'OZ$ | JO queolJed GF 10}j80104} » ‘SHOOM OOE 


“AVTIGESTP 
JO poysed 10; 0¢"2Z$ UINUITXxeUT ‘sede 
Jo queo10d (Qf JazjvOI0Ny ‘syooM (00g 


AYTNAVSTP JO poyiad 
100° 19$-00° ees 1 00" see-$0" 8I$ 6 AI1IGesIp JO poled 


“""quepuadep 18304 Yow 10} 7g SHY OS |~~~~~777~T7 wna teem -00°02$ s Aiitqestp Jo pored 
$89] J} OBBM BBLIOAT JO ‘00'STS s AITIQ¥STP Jo WOYywNUTZUO 


er at OL nies wero wel try 00°ST$ 
SS9[ J] OBBM [UNIV JO ‘OO'OTS 


00°L$ 
S89] JT OFBM TENOR JO ‘00" eI¢ 
SSO] J] O3UM O 248 10 00" 'SI$ 


Aosi0¢ MON 


“UsIPTIYO 10j GT$—H$ sr ‘AQTTIGQV 
“SIP JO posed 10; (ay, yUOpuEdep JT 
I$) YOoM Jod ZI¢ 104j89.101]) 5 ‘SYIOM OOF 
VMIGes}p JO pojlog 
Ssoy J} 03BM [VNYOV JO ‘00" ‘Ole 
SSof J] 038M Tenqov Jo “00'8¢ 
~“S89T Jt 9ZVM BBVIOAV IO ‘O0'STF 
~SS9T JT OBB [VN JO “O0" "St$ 


ayy toy ‘Arnfuy 
JO OUI} 38 SZulUIee A[yoeAM O3vI0 
-A®B JO JUd0Jed (QP JoqBOITY ‘SYoOAM OOP 


t '000°ST$-000°Z 1$ 
“00¥‘ZI$ 


mnwyUT yy j 
AX Uy poqzeys 


UINUXVUI 1840, 
oom Jod sjusmAeg WINUyXBypy 


fiqujrqnsip 7070) quauvusad sof spfauag wnwizpMm puD wnWIULT 


LI-q Xlanaaay 


Z 
S 
e 
nm 
Z 
s 
° 
5 
2 
© 
- 
a 
Z 
< 
m 
a 
[oo] 
=< 
5 
Zz 
° 
& 
4 
3 
3 
—_ 





2 
© 
re 
: 
a 
a 
mn 
2} 
3 
ce 
a 
4 
a 
FI 
S 
i 
Z 
= 
= 
3 
a 
= 


‘ose ’og ON 
sepnpouy of qe} oy} Uo TMOYS Ooe*eI$ JO UINUITXvUT [8407 OT, ,,"O09E"9$ povdxe osvO OU UT [[eYs 
UeIP[IGgo pres [Te Jo JUNODOe 9y} 04 Per}pel0 UMS Curny oy} yey) Popfaojd ‘ode Jo ssv0d QT 
eul00eg P[NOA USIP[FYO Pres Jo Yowe UOT OUT, 94} [}JUN (yoo Jod og*p$) YJUOUT JOC (O'1Z$ 
0} Jueyeaynbe ums dum] & , » « U%A.pP[}yo Yons Jo Yous Jo JUNODOe 94} 07 Pezpouo 9q 
TTBS 0104} ¢ » 9), :80}8IS MBT OY} ‘WOIP[]YO OY} JO; COMBMOTIE OG} 07 SY :BUTWIOA M 41 

“ogg UINuTXeUT A] yoeM ‘A9]]}QBSTP 
Jo posed 103 ‘sa#em jo yueosed op puny Aanfuy pa ey} WlOI] SBATOOOI PozeI|Iquyor 
oq JOUUBO OYA JOYIOM B ‘IOTLIVO JO JOAOTdUIO AQ TL‘OTT*PI$ Jo JuouTAGd JOY -qeIN 1 
“puny Arnfuy-puooes WI0JJ ajt] 103 
epeul oq 0} syuomAed ‘000‘9T$ JO JuUoTIAG JOIJB JO ‘SHOOA OON'T 10IsY :puUBIs] Epeyy ex 
*yooM B 00'S$ 01 POONpel oq [[BYS O81 YYouog sty ‘sedvM JEUIIOJ YONs poooxe Jo jenbo 
SeSVM STU JI “JWOPOoe oY} JO OUT} OY} 48 P9ATI00I SABVA OY} 0} SILO LIBS OF 9[Gv OY} Ss} OY 
So3BM OY} JY} WOTI10d i Aq poystayup juoursed uoyjesueduros ATyooM snopAsid sty 
0} Buyjunoure ‘AY[Iqes|p Zujsnp pred oq AvUI s}YouSd Joy NJ ‘jUEpjo0~" Sty e10joq sedvm 
0} [enbe se#em UIE 0} O[QUUN Ss] JOYIOAM YONS pus ‘UOTSSsTUTMIOD UOTIeIIGeYyeYy 94} Aq 
pelepso u9eq GABY ABUT SB UOTIEIITIQeyos Yous pejdoooe sey 10¥.10M JT ‘SYOOA OCF 1057 V a 
« O[Npeyos UoTPVsuUEdUIOD PUL 93BM,, B YI[A SOUBPIOOOW UT 40S S}YouSg :AOSiof MON | 
*s]youeq uoT}Rsued 


“W100 SOTIYIOM ysuyese pozposo syyousq JS VO ‘pred O00‘ST$ JOY ‘VJosoUUTTY o 


s 00'S 
eSl'Izis 


SSO[ JI OFUM OFBIVAT 10 ‘OO'ST$ 
SSI J] OFBM [VN4IO’ JO ‘96'¢zs Wy 


“8J0B} 94} YI[M GOULP10008 UT OSBO YORE UT PEUTULIEJOp st 
AWIGesSTp [8}0} JUsUBULIed Jo UOTseNb oy} EUTT} 4} 10778 YNq ‘syooA OOS PUOAOG pPUe}xe 
10U SeOP AITIQeS|p 18Y} UOPJduUINsesd BATSN[OUOD B S} G10Y} IVY} S9PVIS MUTT -UVBYOTW 5 


18303 
Arv10dU194 10] SyuoUTAS 0} UOTIIPPs Uy ore SjusUTAd YoNs ey} soppaoid A xO MB’T ¢ 
. “009‘ET$ Wo1y poyonpep eq [TBYys AITIGUsTp [eyed 
Joj sjueurAed oy pus ‘syoemM CZF OY} MIOIy pojoNpep oq [Teys Aaitiqestp Tetjzed Jo poyrod 
oy? ‘AqTIQesip [eaed * pojied 8 Jazje sujseq AI [IGQUSTP [8404 Jo pojsed J] :AyonUIy , 
“pred s} A41[}qesTp JuUoUvUIIEd PU [8104 Jo SeskO JOYyIO UT SJUNOUIe Yons 
Jo yueos0d ZI ) sesvo ogjoeds uy sjusurAed snoyAoid [e303 dy} Jo yuUeOJed gT JoqZBeIOTY 
Alrenuus ‘pred uveq sey ‘syuepuedep uodn Zuypuedep ‘pns*eT$-092‘01$ 194s V -SIOUTITI » 
“‘APOOM QT$ UUNUTTAyUT ‘puny 
ejoods uo pyed oq 0} 0781 J9MLI0] Jo yUd0Ied Og ‘pred useq sey OOO*EZ$ OIF VY *TEMBET ¢ 
j “‘pogoods sya0M Oy} WO’ poyonpep oq [TeYys AITIQesTp 
[erjed jo poyiod oy} ‘Aq[IQUsTp [ered Jo poysod & J0zJB SUTZeq AjIT]QVSTP [8}0} Ose UT . 
*quedd 
$19 JO ‘sduyUIvS [eNIOB JO JUVdId G6 JO JUDOJAd CY 10} SAP{AOId MB BIUIOJTIVO ONL, ¢ 
*SO]}[NIVJ [VJUOUI JO SsOT JO ‘soinfuy [eUlds uOI stsfyered ‘yuepuszIe 
JUBISUOD ‘UOT{IVI[IGeyel [BUOTIVIOA 10} SB YoNs ‘sesvd OYIOeds UT syyouNg [eUOTITpPpy ¢ 
‘938M ATYOOM OSBIOAB OF POFUII] ‘SOOUBMOTIS ,SJUepuodep ZuTpnpour ‘oz out 
‘s}esnyoessepy Ul ‘“s}uepuedep JO JOqUINU PUY $NZ8Is [eIIVU 02 ZuUIpioooB ‘SuyuTOA M 
puB “UOUTYSE AA ‘UOZBIO ‘oYBp] ‘VYSe[Y UT ‘s}Wepuedep jo JequInU 07 ZuTpIODIY ; 


usUIeIOYSZU0'T 
~--seoLo[dure [Bi9peg 


S078}9 pea 


AVTGSSIP JO pojsag |$499 
GL-$499 1 


¢1 81 Jopun pirgqo Juepued 


91 rOSe*ST$-000'6$ 
00 ee$ 
1 LL’OS$-G8" 8z$ 
“002‘E1$ oe a ae 
“Tz 4epun piryo 
“006‘6$ | qyuspucdep ove soy z$ snid ‘oo'os$ 


*(n) 


ate Ty Reinier 1 1L’08$-9L 22: 


-Op Youd 10j oe'¥s Said “Te'ZEs-—os'ozs 


00°F1$ 


» SHOOM ORE 
wn Ses 
unwyxeur ‘AjTqus~p Sujinp sesem 

$ | JO Juedled gp JoIvoIVy} ‘syooM 09Z 
00°6$ 


“ZI$ UBY) SSO] JUsAS OU 


“000°T1$ 


“> 1OYJBIlOG} JTF ‘SYOOM OO SIG ‘OO'STS 
ics ee 


"ST$ UBY} SSIf JU9AO OU UT 4Nq ‘sseT 
JI 938M PENJow JO yuddId OG 410 ‘OO'Ez$ 
ene geccceseces “""""“TINUIIXBOl SB SUB, 
SSO] J] O3BM [NIB IO ‘NO'ET$ 
SSO] J] OFVM OFv.1OAB JO ‘OO'SZ$ 


~“-"""~~4 Qh E9S-BE'SZS 
ea 


Ul Inq ‘SSO J] SBM VFBIGAB IO ‘OO'STS 


“OJIT 10] GI¢ UINUITxeU ‘ssuyusee 
JO Juedied 9% Jojyeos0yy ‘syo0M (OOF ej0AvG YInog 
euT[oOIwy) YINOS 
pues] epoqy 
war enaceae= "OW Of20nT 


ByuBAlAsuudg 
wozaIO 


et APTIGBSIP JO POflog 


‘938M [BNIOB peeoxo 


04 Jou [8j0} Inq ‘gf JepuNn pigo 
quepuedep qove Joy OR'z$ snid ‘OO'eT$ 


Sr Pniere sctPomi- fener arene mene 00'S [77777777 7880t J OBEM TeNIO" JO ‘OO'OGs [~~"--—~~~= =~ TTT TTT TTT OT 9698 


«coer eaceoe ecar ts a@om 1On414e Mm ‘nan? Te 


BIONVCT WHAON 


“queurAo[dare owes 
worse ees’ “SUyOssy) WON 


ul} Sopinfuy Z 403 SYOOM OOG ¢ {SHON OOF 





oeewe ween en nene qIOX MON 
| oersaranel OOTXOF AON 


~_ 81 [UN UeIpT}yo 03 10 ‘pooymMopy AA Sd 
Sean peste ee “="="="S¥90M OCF 18499 

SSO] J] O3UM [UN4OV 10 ‘OG" mit ~“¢ ST TUN UoApTTYyo 03 40 ‘pooymMopT A 

1 00°92$-00'ST$ SYIIM OCP 

¢8t 
JOMOPTA JO MOP] ‘00° Sz$ | TUN UdIpTTYO 04 Joz;voI0y4 ‘SyooM OOF 
““$S9] J] 938M OBBIOAB 10 ‘00° "SIS 

BUBIS|NO'T 
Ayonquey 


“00¢‘Z$ JO 18107 UNUT}Uy UT 
8 4Nnq sjuepuedep [e}07 10} uINUT 
-uyur ATyooem Ou ‘syuepuedep [eyed 
JO ose0 044 Uy WINUIUyUT A£103N{BIS ON 
S89] J] OBB [BNIOV IO ‘OO'STS$ 
SSI] J] OBVM BBCIBAB IO ‘OO'SI$ 
1 00°EE$-09'6I1$ |~~~~ ~~~ ¢ ST 04 MOAPTTYA JO 9° gow, a $416 
t 
9 00°SI$-00'ZI$ | 117UN UsIPTTYo 04 104JBI104} ‘SyooM OOF]] 99 
“SSO] J] esUM 
OF8IOAB JO ‘IOMOPTM JO MOPTA ‘OO'CTS |~~¢ ST [UN UsIpPTIYO 07 JO ‘pooyMop! MAM 4499 
SS9[ J] O3BA [BN{O8 JO YUVOIEd gg IO ‘NC’Rs 
SSO] JI OBVA [VNIOV IO ‘OO'S$ 4 
‘puvqsny 
quepuoedep Jo osnods ZutalAins ‘ep'6$ | ~~s ST [JUN UoIpTTYyO 07 Jo ‘pooyMopl AM [8499 
“SI 
[iquN werpTyo 04 Jeqj¥010Y} ¢ {SyOoM OOF 
““"g ST [17UN WorpTiya 03 Jo “pooy MopT A qnoyjoouU0H 
OpBl0joD 


“WeIpTTyo JOUJUr 
quepucdep elo JO euO PUB MOPTA 
BUTAJAINS JO @SBO UU] SyOOM Q'ZIE 
‘£ouapuedep [B}0} JO SESBO U] SHSEA 09Z 


““BIQUINIJOD Jo JOPISTC 


1'000'S1$-000‘1$ 


1'000‘ST$-000°6$ 


ueipiTqo 
WINWyxXe Py mInwyoy Ww snyd 4jao 
MOPIM | AOPTM 
AB] UT pozezs poyied mumnmyxeyy 
SE NE: Soh reeset GA Teak soniiat tania Ath Met. pasienan PexALe: fe 
8038 JO 038 
yoom Jod syuomAeg -jueoled unuryxe yy 


Z 
S 
EB 
< 
Z, 
fa 
E 
8 
mM 
Zi 
S 
es 
a 
4 
a 
Fs 
S 
Hi 
Z 
S 
= 
3 
a 
aa 


89809 YIDEp Ut UaLp;LYyD pun smopin sof spfaueq WNWIZDU pun wNnuIUL 


SI- XIanaaay 


164 





SupUyeWIE] MOP] A SSETPITYO JO oBeyLIeUIEI UOdN ‘seoUBISUINOIO UTBIIOO JOPUL) *STOUTTIT » 
*pezsijoed vouy “UOIPITGO UTM MOPT A JT OS$ PUB OTS ‘ATUO MOpyAs JI CZ$ PUB CTS ‘UeIpTTGO 
AyreowsAyd 10 Apeyueur JT OT 19AO WOIpTT YO 10; 10 ‘(pyyyo yuopuedep qove 10) ops souBMOTIE pus MOP] uvy} J0q70 O18 SyUSpUedep J] UMUITXeM OZg PUB DINU! ZI¢ :ONBPT ¢ 
ATyJUOUI JO ATYIOM OY} Ss] JYOUG S,MOPTA 9} JO JueOJEd ET) OBB Jo SIBEA QT JOpUN UeIpTIyO *yaoddns-jtas 
10} MOPIM 94} 0} PUNY S,WeIpTIyO wo ofqeAvd sjyoucd [VUOTIIppy -UTSMOOST A ¢ jo be cea | Ayejueur 10 AypeorsAqd st OFM MOPTA peTleuerun ue 0} 10U ‘410ddns-j[as Jo 
“oses ‘UO{ZUTYSB MA UT -009$ o[Qedvouy 018 AV} J} “ABDUL QIST JJeq} puosog SoA FOT 10} BT 4OAO UdIP[}Yo pepueuruNn 
jo umnurxvu & 03 dn pirqo yuepuedep ove JOJ NOT$ PUB MOPTA 03 OOS$ BIOAVC YWON uy 0} JOU ‘g] Jepun UdeIp{yo 07 Ajdde 40u seop UINUITxvUl IBTIOP 94} ‘JOAOMOTT :1]VMEET » 
‘SMOPLAM 03 OOTS ‘TAdIssIsSTY UT “10410 JO YYBvOp 48 JueUTAEd UINsS-dulN] rn SL 4 wy 8 *queosed 
*Burjsoddns-jjes Aly ¥EI9 JO ‘sZupUIBE [VNB JO yUSdIEd 9G JO yUOIEd gg 1OJ SOPTAOId AMV BTUIONTVO OTL, ¢ 
10u oie Avy} spoysed ZuLINp SMOPTA 07 puB ‘pezEzOBdeOUT JT BT JOAO JO ST [}JUN UeIpTIYyO “p 930300) 
0} ONuyJUOO sS}YoUSg ‘s}JeSNIVSSePY Ul ‘prlyo Juepuedep 40j sjyeueq [BUOTIIppy z eos ‘easy, Jog “q10ddns-jjes Jo erqedvouy jt gt O38 puokeq ponuyiu0o oq Avy ; 
“gueoied og Aq poonpal oq [[eys syuewAed uoT}esuedur0O *sjuspuoedep jo Joquinu 03 Zulps000y ; 


*puvqsny 
1 OO'HE$-Ce'Szs | JUOpUSdep JO oOIM Buyatains ‘gp’6$ ~-" “WoeureJ0yssu0’y 
ST IZI$ |-"4eMOP[M JuOpUedep JO MOPTA ‘gg’gTs wy “sooA0[ due [elope g 
$9783 Peyuy 


r'088‘81$-000'2$ |“PITYO Youe 40) og'F$ SHIA ‘gO'Ezs JOMOPLM PITBAUT 10 MOPTAL ‘gO'Ezs | - 
"000'F1$ : s 00°98$ 00°01$ 
"19°¥$ ‘PHTBAUT UB St PITYO J} “JOMOPIM 
{PITGO Yow 10} FO'¥S SHIA ‘OO'9TS | PHeAUT 10 Mopy yuopuddep ‘0O'sTS | 
1 1 S8OrS-29'8C$ |" JOMOPL piTUAUt 10 MOPHAM ‘SCS 
006'6$ 00°08$ 00°81$ 
1°99°299'ZT$-02'992 01S 1 96° L¥$-00'98$ umuryuyur £103n387s 0 
; oo'ses 00°6$ 
“ZI¢ UBT} SSO] JUBA 
OU UT INq ‘sseT J] OFBM [VNIOB 10 ‘OO’STS 


00'se$ 
“““plryo yowe 10; z$ suid ‘00’sTs 
PRN te re ae eee Ig'LI$ ’ 
"ST [UN WeIpTFyO 04 syueUT 
1 OS*LE$-GL"ez$ -£ed poonpol Joyvol0y} ‘syoom Ogg 
“UsIP[IYO 10} syyoued [euo0y} 
-Ipps snd ‘esnods #ufayasms ‘22°0z$ |~"¢ ST [1}UN UoIpTTyO 03 10 ‘poo MopT MA 


oz 0F$ WETICE ASSETS ES OAT [eee nero nsomeess = SYOOM OIF 

8 1 00'0&$-00°81$ 81 on ee ““-"@T [JUN UWaIp[TGo 0} 10 ‘pooymopl A 
: ‘Ol 

esnods ZuyAtA.ns ‘00°0Z$-00'°Z1$ |~~s ST [}JUN UoIpTTYO 03 10 ‘poo mopT Mm 


1 
= 
a 
E 
a 
A 
fel 
: 
@ 
E 
a 
g 
= 
< 
a 
ce 


Aosio¢ MON 


“SI 
[17UN Warp 04 Joqjvo10T} ‘syoom Oe 
“-----91IgsduleyyT MONT 


SSI] J} ODVM BIVIOAB 10 *ON'OZ$ | ~~~ nnn ~""SyOoM 1¢e 
F ummuyuyur £109N4wIS ON |-~~, ST [}JUN UsIpTTYO 07 10 ‘pooy mop] 4 
00'FR$ [~~ "777" ">" SSOT JT OFZBM [UNIO 10 ‘Q0'Oz$ 
1 OF Z$-00'8z$ 


s3e sex 


Aas. eed teeta dee ee 





ae tet ae - tl Den ee, 


il ce i i i i ie i ee el it ie ee oe te i 


“snjesvdde Jeyyo Jo saousytd 
*pezooT]00 sory[eued puv souy -de oyjeyysoid ysyainy Avur 10qe’T 
pus ‘sasvo yyeep Aouspusedep ou ut jo A®j0100g *(uoT}esuad UIVO 
sjuemAed oooT¢ Aq poouvug puny 0} UO}J[ ppv UT) JOqe’] Jo Are,0100g 
[e1oeds jo jjey Uo1 ofqeded ‘ost “s' egy AQ peop sB uoTETT 
-194}0 B[QBIBAB JOU Seo, AJes Ales -[}QBYyo1 [VUOTVIOA ZuTINp suosied 
-sa00U pues seouvdds oj0q4so1d paqestp Ajyueuvured jo oouvu 
Suypnypouy ‘syYouod UOWQVITIQuyoy | -OFUPBUL JOY Yoo B ozs ee “7 "F" BEQUINIOS JO Op4STCT 
“s]soqseqs 
1O S{sOo][]S 0} @INsOdxe Zuyaloauy 
OL Bly 8 Ul Uese ZujseZue o10j0q 
uojsstumImIOg Jo jeaoidds uyeyqo 
04 peanber veAojdmay “s}soysoq 
“SB JO S{SOOT[IS WOI paqestp suos 
-dad JO] sesuadxe [9ABI} [eIUEpyO 
soAojdme Ag | -Uy pus ZuyUyeI4 JO; OOPS UINUTxepy 
(‘pun uoy4 
-esuoduros o7y81g oy] Aq poeAleoo.l 
surnjuread jo Jusoled [ uBvy} o10UL 
jou Jo ‘puny sty} 40) ‘Aansvely 07849 
ay} OvUT JueuTAEd 4yoou[p 04 pez} 
-1OYING ST WOTSSTUIMIOD [BAIsNpuy 
oy? ‘1eoA AuB Supp ospy ‘“sesvo “UOTIey[[qvqol [vaoT} 
qyevop Aduepuedep ou ul J0Aojd “800A JO WOTOUIOId 84} Joj ,,AIBsS 
-ure Aq puny yons o7uy pred oq 03 -so00u 0q ABUT SB SPIBMB |BUOT) 
Ost ‘T$) “DONSITIGUGS! TBUOTEOOA “IPPs Yons,, 9pjAoid 04 poz}loyy 
40} j.1ed uy pesn ‘puny [ejoods 8 UIOIg | -NB Ss] WOTSsTUTWIOD [eIsNpUy ey, |--""""""~ Parnas euoz1y 
*‘sojouese 
qUSTIUIVAOS «pus ‘suoTyez;UBzI0 
ayeAlid ‘sieq4Ied soUBINSUT YAN 
SJUIUIOZUBLIB 9AI}V1Od000 Zul yur 
AQ UOVI][[GBYel [VUOTWBOOA BpPTA 
-01d 0} pozjioyINe Ss] prwoOg [ey 
-snpul oy, ,,"doT}eyJ0dsuel Ales 
~S900U PUB ‘UOTJONAYSUy ‘FUOUTIBOI} 
‘aOT}esUIdUIOD §==[eUOITIppe,,  10J 
000‘e$ Wnuyxeur [e10 “suosied 
000‘01$ Spoooxe yey puny Arnfuy perqesip Ajjucueds, Joy sousU 
puooes oy} JO uo;Jod yey} Wolg | -e;UTBUTJ0j YJUOUT B OC$ UIMUTIXByY [-**" "77m ~*; BYyselTy 


109090 UOFIVITTQeyoy suojs}Aoid pejedg Zujouvuy Jo poyyeyy S}Youeq 190430 pus coOUBUOJUTB YT 


(suowsipsiinl ay) 270 fig pajzda00n uaag spy Yotym “Oy uoNynzyIQvYyay 1DU01}D90 4 JDLapay yz fo suorsiaoid 
94} 07 UOUtPpD U2 asp SuOtsIAa01d asay)) S4aysom pasnlul fo UOIWDIYIQDYaL ay) 07 BUuIWDIA4 SMD] UOYDSUEdWOD § UdULYLOM ay? UL SUOIsIAaOId hiojnNIDIG 


Zz 
° 
= 
< 
mM 
A 
: 
© 
0 
2 
: 
= 
° 
= 
a 
< 
RQ 
Qa 
= 
Zz 
° 
= 
s 
= 
a 
x 
© 
— 


6I-q XIGNadady 





167 


“UO}PBSUIdTIOD §,UOUTYIOM AQ POOAOO JOU UOMIOYSY [BfoJIUTUIOD 04 9OUB0SE;BAUIOD ZULINp 
GOUBISISSE PUB BIBS [BOTPOUI SOPLAOId ‘Sostido]] S,UOULIOYSY [CTOIONIMIOD [TB UIOIJ soNUGASI 
jo quooled og Aq puv suoyjeyidoidds Aq peouvuy ,,‘pung s,ueul0ysty,, [epods y , 


‘asodind s[q4 Joj sefouese eywayid 
pus ‘elepeg ‘0481g ‘TeII0FI1I07, YITM OFBIOd000 07 pez]IOYyINE Ss] pus eTqIssod JT JoyxIOM 


- 
eB 
a 
a 
ro) 
° 
e 
= 
4 
RQ 
a 
a 
4 
= 
3 
a 
es 


OY} OFVIT[IQBYO! 0} JUSTIIVOI} OpPTAOId 0} poWe[p Ss} PUNy Oy} SujsojsTulUIpe plvog oy, 


*S19INSUJ-}[9S 10 S1gIMsUy Aq S}UeTI 
-Aed wopjeyyqeyer jo suojyjsonb 
spPep PUB ‘sopITToR} WOTSIIIQey 
-O1 OUJUIBXO PUB WOTEIITTQeyos jo 
sure,qoid ApNys *su9y1OM YONS IOJ 
SIQUTULVXS WOFJEP[IGVyol SV SUBPOTS 
-Ayd yuyodde ‘sieyiom pomfuy 10J 
SIOfAIOS UWOTVIPQVYol Japuel 04 
SUBpISAYA JO 4S]] B YS}[G"ISA OF Pozy 


-10UNB s} puvog none teted ouLL 


“suosi0d ‘eoypueq 
JO qyuoursovjd 10 wOjQEITIQeyes 
YI} WOTJIGUOO UT SejoUese 10440 
UjTM S]USTIIGIIZe O4UT JojJUO tsuOS 
-led paddvojpuey Aq poynpuo0o 
aq 0} poyst[qeise Sestidiejue ssou 
-[snq [[eurs osfAsedns ‘sdoysy10K 
Pus SopoBy UOPyeITIQeyos ov 
-40d0 pus YsT[qey}se ‘suosi0d 19130 
PUv SIOYIOM 1OJ WOTPEITTQeYyos Jo 
suefqoid 9} Apnjs 04 pozjs0yyne 


S| WOPSSTUIMIOD UOTEITGQeYyoY Oy 


“s]gouoq yu] 10 
‘oonpel ‘puodsns Avul Woyss|mIUI0D 
oy} ‘Zayuye1y oYeyJepuN 07 sosnyjol 
‘9SNBO O[QBVUOSBOI JNOYITA ‘IOYIOM 
ou} JT 4 ‘spuny oAlzeIyspuyUIpe 
JO 3NO SeoyAJos Yons Joy Avd Avur 
pus ‘sieyiom poinfuy jo u0;}8I] 
-[IQBYO1 [VMOT}BIOA OY} Uy SoTOMEsY 
O}8AlId JO aI[qQnd Joyj{o pus ‘o7yeIg 
‘jBiopeg Jodoid 04} 4414 078100000 
0} peziioqyne st pus “yueurAo;d 
-W1d pus ‘MOT BON pe ‘Zuyuyes4 oye 1d 


| -o1dde uye}qo 03 sueyIOM polqe 


soinsuy Ag 


(‘asvo 
qiwep Aduespuedep-ou yove uy 
suoA0jdume Aq puny yons 03 pred 
000‘2$) 


‘puny uojjesuedu09 pepedg 


,, WYVuIow0Y JO uoyywdns00 
94} Uy 40 UOTZVdND00 BATJesOUNUIOI 
8 Uy OZuZue 04 Wy UOSsiIed peddvo 
-|pusy 8 JepUel 07 AiBSsse00U S20] 
-AJ0S PUB SPOOZ J9440,, SB [JOM SB 
‘Sdo] Ales JUeTIOORTd puB ‘soUBpINZ 
‘Buyuyes ‘uoyjejIOdsuesy ‘souBTe4 
-UJBUI BPNPOU] SadqAites Yon, “uoTs 
“SIUIMOCD UOTZBII[IGeYyeYy s}jesnyo 
“esse, 943 Aq s{qIs}]9 pelepoop 
S4VYIOM OF SBOJAIOS TOTJCITIQeyos 
[BUOTPBOOA STUN] 04 CSTs puB ‘saz 
-}[}9ey 10 suvpoysAyd peyifenb Aq 
SadJAlos UOTPEIN[TqQeVeL stun 0F 


peznbe. o1v S1dINsuy-j[es 10 Siemsuy |~~"~~"~"""-~ 8} J 0sN TOVSSE PY 


“SOUBUOTUTBUL PUL ‘UOT4 
-eziodsuv.y Aresseoeu = ‘woyjoNI4s 
“uy ‘uonmenfeae SZuypnypouy ‘wory 
-ByI[TJqvye1 pues Zuyuyesjer 107 wos 
-1ed perqustp Apyusuvuried Aue 107 
000‘1¢$ 03 dn sinqypuedxe uv eyvUT 
04 poezjIOYINE Ss} SUOTZETERT [e139 
“snpul pue 1oqBT Jo 10,90I](T 9YL 


-sjp A[jueuBvUled jsIssB 07 peje. 


| 

| 

| 

Oe SAL: llr! ee ee eee ee ee ee ae ee ee BpHoly 





: 
5 
7) 
ee 
a 
= 
i 
z 
& 
si 
A 
rs 


168 





“*queurA0[d 19 9[qBzINS 9Nd08 03 
USWAIOM poze[IqQeyol Zuy4stssv 
uy Ajyindeg yueuAO[dMIy jo uojs 
“H4Ig 94} pues UoYvonpY jo Juoul 
9 OC OY} YI 978190000 04 OsTB 
‘s19qJOM POIN[O] 07 S9OTAIOS 1107984 
“IIqQByer 9ATZ 0} peylTenb siozop 
PUB soqqTOB UOTBITIGQeqel As} 
-100 0} OSs[’ Prvog ‘Avjop onpun 
qnoyyA Juuso; we 07 poumnjor 
oq ABUI UOUTYIOM poze Tquyos 
yoTyA ysno1y} Spoqjour Zuypnyouy 
*mOyJVITI]GVqel JO sue;qoid Apnys 


“AYTOV] UOTVIyTIGVyos 
0} UoT}87I0dsuB13 Joy Avd 03 JoA0[d 
“ule Jeopio ABU PIBO_ “SAO OZ 
[eUuoT pps UB UVYy BOUL JOU JO} 
poyied 9q} puezxe ‘seseo [ensnun 
uy ‘Aeu preog ey} 38q} 4ydeoxe 
SYOOM OZ 0} POPU] UOPWI[IQeyor 


01 ‘uolWesuedmM0g Ss, UeUTYI0M 
jo UOs}AIC, 94} JO 10}001[p O44 
UB UOISS|ULMIOD [V]JjsNpUy oy} Jo 
UTISISUOD ‘UOTIEINTGBYIY JO prvog 
*ZUTUIV.1491 PepesU Jo sesvo 
qodel 0} pus souese 017871114 
B91 YA 048190000 03 WOISsTUILIOD 
*seanpe0oid pus 
SeT}oBy Oenbepe Buydopeasp uy 
4SISSW. PUB UOTIVIIS}U;UIpPS 94} WO 
OTAPS OF posz}1Og Ne UuolwITIT[IGeY 
-9Y jo founop Alosjapy ‘lou 
-woslod pus soyj{[]08} oyenbepe jo 
48}[ 8 dooy 0} OS[Y “uo;JBONpP| Jo 
queu4ieded oY} JO uO} eI[IGVYyoy 
[BUOT}VOOA JO UOTSTATC, 94} Ay}ou 
OSE PUB SPIO} MQeVAs jo 
JOxIOM painful oy wrJosuy ‘poqeoyp 
“U} ST WOTIEI[IQvyel J] pus JoyIOM 
es Aq pemouy Aimfuy jo soj0"0 
qove Apnys 0} pozysogyNne sy ‘woyyes 
“Usd MIO 8,ueTIyAIO MA JO WOTSTATCT 
9q1 JO joIjU0O 94} Jopun ‘uOT} 
SUTIGeyey S,wouryIOM, JO nvomg 


YONs JO poyleg “UOTIEI[IQVYyo [Bd 

-jsAyd Zuyayooor opty seoAofdure 

poimfuy 03 yoom & OI¢ UIMUIpXepy j---~~" ~~~ > "7" ">> anossT 
*(WOTJBSUEd L100 04 UOTIIPPB 

Uy) SOUBUO}UTeUT JO} ‘syooM ZG UB 

O1OUI 4OU JOj ‘YooM B OT$ UNUTXBpy j-~-~~~~ ~~~ ~~ ~~ “yddyssysst jy 


*(uo};eSuedUI0N 03 UOT} pps 
ul) S¥90mM ZG puoseg jou ‘yoomM B 
or$ UINUITxeur ‘sede Jo yu90I0d $£99 


J9}M99 UOT}8IITI GEG suojs}aoid [eoedg Zujousuy jo poy S}Joue Joy}O pus soUBUOIUTC YT 


ponulyu0gj—(suonsrpsrinl ay 20 fig pardason uaag spy yorym “oy UorniyIQoYyay 7DU017D00 4 JDLApay ay? fo suotsiaosd 
9Y} 0) UOIAppD Ut ap sUOIsIAaOId asay}) suaysom painlur fo UONDIIQDYa. OY} 02 bul;ZDJ04 SMD] UOYDSUadWOD 8 ,UaUyYLOM oY} Ut SUOtstao1d fisojnIn;I’ 


> 
Vo) 
— 
E 
a 
a 
: 
° 
oO 
- 
fe) 
e 
: 
2 
a 
me 
- 
: 
Zz 
= 
e 
s 
a 
<j 
= 


“HOTZBITIQVYOI 104 
sonbyuyoe} Wlepoul s19qJOM pon 
-U} 0} O[QBIBAB VYVUL 07 UOTSTAOI 
PIB [BOT peur oy} JopuN uOojsspUUIOD 
yUoppoy [Rysnpuy oy. UpyyM 
Poys}[qs7se JojUeO  WOEITT]IQeyoy 

“S104 IOM Pornfuy 10} S9OTAJOS 
WOTIVI[IGBYOI OJ 41Pe10 B SB Poji0d 
qjuoUl-g qove ‘os$ 03 dn 1oju90 
ey} 0} sjuemAed souvAps OXBUI 0} 
pezjJoyINe uoTss;UINIOD feyen pay 
‘s10qJOM poddvoypuvy AlpeosAq 
quourAojdure eayjonpoid uy sovd 
pus ‘eyeonpeol pus ‘uel ‘9103s 
-01 0} pozpioyyne (Ajs1eayUy) 0781g 
OFO) Jo}UIH UONVITIGQeYoY 078798 


*£yyun410d 
-do epyaoid [eys uopNErTIqQeyoY 
[eu0}}{B00 A JO NveINg sB Joyvel0yy 
uo00s sB JO poleAo0del A[JUO}OYNS 
eyep Woy sAep 09 UIYIM wexB} 
-JOpUN oq ISNUI WO}}OTLIYSUT JO BS.INOKD 
“S194IOM 
peinfuy 4oy Juoursojdme pus 
uoyysonpe ‘Zuyuyes oyeyidoidde 
UTBIGO 0} AOUOSE UOT}BIT[IGQVqeL [B 
“OJ }BOOA [BIOPOT ILA 9}BIEdO00 04 
Neeing wUoTesueduI0D s,USTITyIO MA 


“uo}}eonp| jo 
quomjiedeq oq} 431.4 94810d000 04 

pezjioyjne Jueujsedeq Joqv’y eq], 
(21-@ xtpueddy oes ‘uo 
-eiTIqeye1 Yons pojde0oe savy 
SIOYIOM 919M SOSBO UT S}yoeG 
eingny Jog] “WO{ss}uUIMIOg u0T4 
-eyiqeqoy eq}3 Aq pdelepi0 u0eq 
oAvYy ABU SB UOTIVII[IGeqo1 Tons 
0} pejuIqns savy [[eys seAo[dure 
oq} Sssefun oesved [[BysS uolesued 
-0100 yons ‘(umnuyXBU AT Yo0M OPS) 
s}goued [840} JuSUBULIEd ZuTAje001 

JO SY90M (CP 1078 Jey} Soyloeds MET 


*popuodsns 
JO poonped st Jojsuez} ATy UOUI oY} 
‘000‘00c$ UBY} 1078013 s} puny HOT} 
~BI{[IGBYOJ oy} Jo soUBTeq popusdxo 
“UN Us AA *"Sd0INOS [][B WI0I UOTs 
“STUIMIOD OY} JO S3djooe1 ATqyuOUT 
jo yuooled §4Z OSTY ‘“eAdosoz 
WOPVI[IGeYGoy OY} SB UMOTTY 0G OF 
000‘00z$ UBT} Sse] JOU Jo JUNOUTE 94} 
Uj OAJOSOL B UlEJUTUT pus ‘puny 
queppoy [ejsnpuy oy} mo 
OPISB 49S 0} PoZ}IOYING S} WOFSs}UT 
“MOD JUOPPoY [BpAsNpUy 04878 OL 


“sous [dde [epoyT7I8 Jo 4800 puv 
sjuomAed souBte}UleUl Jj ‘U0T}83 
“HIQB’qol [BUO}}BIOA Oj PIBOG 94879 
jo puny UOoMEzIQeyel [euos}eo 
-OA 0} punj souBINsUy sn{dins wi0y 
Ajjenuuvyures 9 peliejsuvs, 000‘Or$ 


puny WoTyesuEd UTS S,1EUT AIO AA 


gieep 
-puedep-ou yove uy sioA0[dure Aq 
puny qons 03 pred oog$) “puny uo 
-VU][IQVqel1 [BUOT}BOOA [BJVeds WIOI 


“WOTISITIGVYO. Ys{dur00 
-08 04 Aressooou oq ABU sv spuTy 
qons puedxe 03 poezjioyjyne uoys 
“SJUIMIOQ +9 *sUTUTeI40I JO ‘ueIpTTYyo 
e10UI JO % YIM PopiIeUr J} qJuOUT 
8 OOI$ 03 ‘o[ZuTs J] YPUOUT B OG MIOIA 


“sooueydde jeyo 
“YIU jo 4800 Avd oss Avur woyssyur 
“MOD “UOTSsUIUIOD [eI1IsTpuy 
Aq pezjioyyne jy ‘souvuozuyeur 10; 
SYOOM ZG Joy Yoo B Oz} UINUTXey 


Zulinp sjuepuedep Joy efquAed 
SYOOM ZL 10J YOoM B OZ$ MINUTE 
¢¢ SUBUOJUTSUI JO} popu 
-x0 0q ABUI YOTYM JO Zoom oes 
UBY} GIOUI Jou ‘UOTEITIQByeI sty 
Joy Aressooou UOT}esUed ION [BUTI 
“Ipps eajooer AvU,, “UOT EITTIQVY 
-O1 BUTATIOO1 ST r= ‘peye}oedeo 
-uy Ajjeyjavd 10 Aj[e}0} JoyIOM VY 


Aosier MON 





*SdOjAJos UOT} BAIT] Geyer 
pus oujoypeur jeojsAqd uy 4seq 
94} SloyIOM poinfuy 03 s/qQETTBAs 
OYVUI 0} WOTS|AOIG pys [Bo] peul 94} 
Jopun jueuryIedep J0qe, Uy 
PoYsqsyse 19}090 TOPZBITGQeyoy 
*9SBO TONS JO WOTSTATC, 
ey4 Ayyjou Ose pus ‘Aoussy u0y4 
BoNpA SBx9L, 044 JO WOpSpATC WOT} 
“BITIGeyoy [Vuo}e00A 944 Jopun 
UY OF OTQBPVAV SoysT]}oB, OG JO 
JOxIOM POIN[Uy OY} ULIOJ;Uy “PezBoyp 
“Uy S} WOPFEITIGQeYoI Jy puw Ainfuy 
JO 90]}0U YoRe ozAleUe 04 S| PIvOg 
queppoy [eysnpuy ey} ‘uOT} 
Tppe Uy “sejaop dj0y}SO1d Uy 
SujuyeT = Zuypnpouy ‘uoyyeq[IGeY 
“01 jeoyshyd Joy Aresseoou s}UeUL 
~48o4, OpNpPU] 0} SeopAtes [BO}POW, 


“porqestp Alje303 pus 
Ayjusueursoed fy of, 10} Yoo B oes 
WINUyXeU ‘pozz[Iqeyel eq jou 
-UBd Ng 8e}818d000 seAO[duIe a10q A 


« Spoqjour 
pues 4Ueul}ee14 s@Al{eIND UWiopoul 
9{qyssod [[v,, S19yIOM pormn{udy 04 aIGe 
-[IBAB OYBUI 04 JUSUTJIBdeGg 10qRT 
UGA PeYys][qe’jse JoJUeo VAlPBIND 

“SOOT AJOS TOT}eUNTGQeY 
-O1 pus OUjOTpou feoysAyd Uy 4yseq 
04} sioyIoM pomnfuy 07 9/qQBITeAB 
eyeur 0} Uos}AoId pyre [eo;pour 
ey} Jopun puny 9781g O43 UGTA 
POYsqeyse Je}WI UWOPPeFTTIQeyory 


10990 UOTPEITIQVeyoy suoysyAoid [epoedg 


a 
S 
= 
MQ 
Ai 
: 
3 
5 
2 
3 
= 
a 
< 
mM 
a 
S 
x 
Zz 
S 
= 
4 
a 
a 
i) 
é 
= 


Se en eee ee nae en ce a ee a ee eee eee 


L9°99¢'z$ JO sjueamAed Aq pooueu 
“0 St qoryM ‘puny jepeds B ml01g 
‘uoryoog Ainfuy 
puooeg oy} JO WOoTIBIOTA 4deoxe 
WY WoyesmadwM0H S,WeuTyIO MA 9y} 
JO WoT eos AUB 1OJ PO4DoT[OO SoyI[e 
-uad ‘surmpureid ssoi3 jo yus010d | 


‘sesvo yeep AdUepuodoep-oU UT Hols 


Zupuvuy Jo poy 


“SOOM OT Pe0oxe OF 4OU JOJ HOO 
8 ceg pojuBIa O17 rae peuoy} 
~ednooo UB UIOI Susye A [IGesTp 
[ejaed yueuvuried uo Zujleyns 
soeAojdule ‘Uoy}Ippe UL ‘sesves|Tp 
Temoyyedno00 u01y Buystze seseo 
APYY4SSTP [e1C} JustBursod pus yey} 
-1ed JuoweUlJed sv [jas sv ‘seyIn{uy 
[eyuepyoe ae Suse omyeu [ery 
-zed yuoUvULJed 8 JO sorInfuy pmooes 
U}GII00 PUB SasBo AZTTIQUSTP [e704 
quouvmied uy Suyuyely pues mo 
“VT TIQBYoI Uy sn 10J HOLS WINUIXe PY 


s}yousg 19430 pu’ soUBUOJUTe PY 


penulu0g—(suoyorpsrunl ay) yp fiq pajdavon uaeqg spy yorym Oy UoUD;IDLQDYay JOUOLDIO 4 YoLApaAy 9Yy) fo suortstaosd 
9Y} 07 UOtLLPpD Ut 24D SUOIsIa01d asay)) Siaysom pasnlur fo UO1ZDIYLQDYaL 24) 07 ButDI2a4 SMD] UOYDSUAdWOD § UIUYLOM ay? Ut SuOIstaosd AsoyngMIY 


~““"" pues] epoyy 


oOorYy OJIN 


o183g 





— 

~ 

me 
a 
E 
a 
A 
5 
° 
oO 
2 
: 
ion] 
° 
& 
a 
a 

mM 
a 
< 
: 
Z 
o 
= 
a 
a 
< 
[om 


emnnse 4 t4£0 ene eer nerrma? 


put ‘sesvo yeep Aouepusdep-ou uy 
sjuemAed 9o0'I$ Aq poouvuyg puny 
[ejoeds jo Jyeq Woy ofquAed ‘ostn 
-199}0 V{[QBITBAB JOU Sed;AJos Ares 
-sooou pus seouuydde ofj0y4so1d 
BuTpnpuy ‘s}youeq UoTeINTQeyoy 


s,eohojdme oy} pesveJouy oABy 
P[NOM UOTWITIGVYyes 943 JI peonpel 
oq ABU s}yeueq ey3 ‘uOTIeIITTIGQeY 


-01 OZJOPUN 04 STIB] VoAOTA tHe O10 AA sseiZu0g jo uojyeyidoiddy 


“£qyunqsoddo sopta 
~01d a818yo uy Adueze sv 1077801044 
woos SB JO peJdAOdel ATJUETOTNS 
yep Woy sABp 09 UUM UdHeBy 


-JepUN Og ISNUI WOT}ON.I}SUT JO esINOD Jomsuy Ag 


pun) UO};EsUEd TOO §,WeULyIO Ay 


“snjeredds J9y40 10 seous 
-y[dde oyjey4s01d ystumy Avur Joq 
“B] Jo Arejoi00g «= (uOT}BSUNd TION 
04 UOTPpPe uy) JOquyT jo ArByoI 
~008 ‘8° oy} Aq poqoolyp SB 107384 
-“I[}Qvyel [BUu0T}BO0A ZuyINp suosied 
peqestp Apjueusuized jo souvu *S10410M 10q 
-OPUTVUI JOY YooM B ozs UINUITXey_ | -Iey pus uUsUTOIOYSZUO-] 


(‘uoT}VSUEdUIOS 04 UOT} 

“TPpB UT) “S8OfAIJOS UOTIVITIQeyel 
JO 4800 10} seplaoid ospy ‘souvu ‘sooAo[dure 
-OJUTBUI JOJ YPUOUT B OG$ WINUITXB_ | [VIOpeg :so7sBIg pou 
(“poysed UOPjBITIGey 
-01 Zuypnypouy ‘poled Zuyuyes Zuy 
-INP WOTFVSUGC U0 [TN 0} UOT} Pps 
Uy) ‘seouvldde Jo siequieu! [ejoy 
-J}.48 JO osn uy Zupuye4 Arddns [yeys 
wAholdmgy + ‘eoueplsel Jo sonjd 48 
uBy} sloy Mesto popyaoid Zuyuyes4 
Jt “UOTISITIQVyor JO SVM Op JO 
UIMNUI]XVUI ZULANpP $3S0o [eABIZ puR 
eouvuoezuyeu Aressoveu pu [enV 

“JOUOISS}UIIOD oy3 Aq pozti04}3 
“NB 0q 0} OsvO YOR ‘ABSSOO0U SB 
qUOTIYBeI} TBO;pedI JO seouvtidde 
Joqj30 40 ‘squiy] [eToyTyse ‘seyoynso 
jo asn 043 Suppnpuy ‘Zuruyes3 
TeU0}JVOOA 10; syuoUTAS [8403 ABI 
-oduie} snid ‘10410M pelqestTp A] 


-jueubUIJed YORE 10J OOS$ WINUITXey | BUpSA 190 A\ 








CHAPTER 2. ASSOCIATED DOCUMENTS AND 
MATERIALS 


PART I 


RADIATION PROTECTION IN THE INDUSTRIAL USE OF 
RADIATION 


PRESENTED AT SECOND GENEVA CONFERENCE ON PEACEFUL USsEs OF 
Atomic ENERGY, SEPTEMBER 6, 1958 


By W. A. McAdams ! 


In the United States most information on radiation protection, and 
its effectiveness as measured by exposure and injury, has come from 
the Atomic Energy Commission and its prime contractors. Almost 
no information has been reported by private industry doing radiation 
work not under AEC contract. The record of private industry in such 
work is of considerable importance in evaluating the problems of 
health and safety in future expansion of the atomic energy industry. 

The General Electric Co. is a typical U.S. corporation which has 
found it advantageous to use radiation and radioactive materials in 
many of its products and processes. At the present time, at least 72 
departments of the company are engaged in radiation work of one 
kind or another. Since the company is highly diversified and decen- 
tralized, these separate departments operate almost independently of 
one another, and in many ways are like 72 different industrial firms. 
The plants involved are located in more than 40 cities spread through 
more than 20 States. The radiation work in these many installations 
includes the design and operation of nuclear reactors, the manufacture 
of X-ray and other radiation generating equipment, the use of radio- 
active materials in commercial products and manufacturing processes, 
research and engineering studies, activation analyses and quality 
control and testing of components and products. These facilities are 
believed to be a representative sample of the thousands in operation 
throughout the United States. This paper discusses the radiation 
protection programs and the record of personnel exposure within these 
private industrial plants. The paper does not give any data for facili- 
ties operated by General Electric for the Atomic Energy Commission. 


RADIATION PROTECTION PROGRAMS 


The type and amount of radiation protection required in any facility 
is dependent on many factors, one of the most important being the 
number of workers exposed, or having a potential for exposure, to 
radiation sources. Table I shows that about 22 percent of the indus- 
trial installations studied have less than 4 persons actually doing 
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radiation work and about 60 percent have no more than 10 such 
radiation workers. However, as shown in table II almost half of the 
installations have more than 40 persons working in the vicinity of 
radiation sources. Furthermore, if one considers that all persons 
employed in a plant have some chance for exposure it is apparent from 
table ITI that substantially larger numbers of employees are affected 
by the quality of the radiation protection program. 


TasBLe I.—Number of radiation workers 


: Number of Number of 
Number of workers: plants | Number of workers—-Con. plants 
4 


26-50 


Total radiation workers in all plants, 1,850. 


TaBLe II.—Number of employees in vicinity of sources 


7 Number of ‘ Number of 
Number of workers: plants | Number of workers—Con plants 


15 


Total employees near sources in all plants, 6,430. 


TaBie III.—Number of employees per plant 


Number of | __ 
Number of employees: plants | Number of employees—Con. 
<100 


Total employees in all plants, 112,000. 


TaBLe IV.—Radiation protection personnel 


7 Number of s te Number of 
Number of specialists: plants | Number of specialists—Con. plants 


None 3 1 man full time 
Occasional help._......_..... 30 More than 1 man 
1—2 men part time 


Equivalent full-time specialists, 30. 


Nearly all plants provide for radiation monitoring and inspection 
of sources, at least on a part-time basis. In some cases this service 
is furnished by an industrial hygienist or safety engineer who has had 
special radiation protection training. In other cases it is purchased 
from one of the several private companies that specialize in such work. 
Some of the departments rely on an equivalent service which is avail- 
able on a charge basis from the general engineering laboratories of the 
company. Additional expert advice on radiation problems is also 
available from a full-time radiation protection consultant serving the 
company at large. 

Table 4 shows the amount of specialized radiation protection assist- 
ance required for the 72 facilities studied. These figures indicate that 
the average radiation protection specialist serves about 60 radiation 
workers, and provides some protection for about 150 additional per- 
sons working in the vicinity of sources. On the average, only about 
0.02 percent of the total work force or about 0.5 percent of the poten- 
tially exposed persons engaged in radiation protection work. As a 
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comparison, about 1.5 percent of the total work force in facilities 
owned by the Atomic Energy Commission are engaged in radiation 
protection work. ° 

There are several reasons for the lower percentage of radiation 
protection specialists in private industrial facilities: 

1. Most industrial users of radiation do not undertake any 
research or development work on radiation protection, but 
depend on the AEC and its contractors to supply them with 
information on new methods and techniques. 

2. Nearly half of the industrial radiation installations are 
licensed by the AEC and rely heavily on the advice, regulations, 
and inspections provided by the AEC. 

3. Some State agencies make periodic inspections of all indus- 
trial facilities and give special help on radiation hazards. 

4. Many industrial users of radiation have only one or a few 
types of sources, and the radiation protection problems are not 
at all complicated. 

5. Most industrial users purchase some services which are 
provided at AEC-owned facilities. 

Nevertheless, in view of the exposure statistics which follow, it ap- 
pears that industry has learned to operate broad radiation programs 
with a minimum of specialized protection personnel. 

































































EXTERNAL EXPOSURE OF EMPLOYEES 


The exposure of employees to external radiation is usually meas- 
ured by conventional types of film badges supplied and processed 
by one or another of the 18 or 20 private film badge services available 
throughout the United States. In some facilities the film badges are 
supplemented by other personnel monitoring devices such as pocket 
ionization chambers. Some of the film badge services offer two or 
more varieties of film badges, each designed for a specific range of 
exposure conditions. Each installation selects the badge best suited 
to its exposure problems. In most plants, the film badges are worn 
for a period of 2 weeks or a month, but in a few cases an exchange 
period of 1 week is preferred. Many commercial film badge services 
report the minimum reading as zero, even though the least detectable 
exposure is actually 20 to 50 mrads. Most installations test the qual- 
ity of the film badge service being used by exposing badges to known 
sources from time to time. 

In plants where film badges are not used, the personnel exposure is 
estimated by monitoring the work areas periodically with dose-rate 
meters. In general, the facilities relying on this type of personnel 
monitoring have only permanently installed sources with well- 
established radiation exposure conditions. 

Table V gives the average annual whole body exposure to penetrating 
radiations for three groups of employees. Group 1 includes all those 
persons actually working with radiation sources. Group 2 includes 
all of group 1 plus those working in areas where sources are present; 
ie., those having a significant potential for exposure. Group 3 
includes all seinen of the plants covered. Wherever possible, 
the data in table V were averaged for a 5-year period. However, crf 
of the plants have not been engaged in radiation work for that lengt 


of time and others have not maintained good exposure records for 
that period. 
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It should be noted that since many film badge services report 
minimum readings as zero, the averages in table V could be arti- 
ficially low. However, this error has been at least partially offset 
by the fact that other services report minimum readings as less than 
50, 30, or 20 mrads. In these cases the integrated individual re- 
corded exposures are artificially high. 


TaBLE V.—Whole body exposure 
Apverage 
annual 
erposure 
Personnel group: (rads) 
1 


Over the periods for which exposure records are available, there 
have been 16 annual exposures of the whole body (or major portion) 
in excess of 3 rads. The two highest exposures were 12 and 40 
roentgens, respectively. None of the high exposures produced any 
noticeable blood changes or other evidence of injury. 

In order to compare the relative hazards of various types of radia- 
tion work, the average annual exposure was determined for several 
categories of radiation work, These data appear in table VI. It is 
seen that workers employed in manufacturing operations where radia- 
tion and radioactive materials are used receive somewhat higher ex- 
posures than persons doing other radiation work. In the manufacture 
of products this higher exposure is probably the result of longer expo- 
sure periods for the workers involved. In the process and quality 
control operations the higher exposures are probably due to the fact 
that the total exposure is spread over a relatively few people. In 
neither case is the exposure high enough to be of concern. 


TasBie VI.—Exposure received in typical kinds of work 


Average annual exposure 
Number of (rads) 


Type of radiation work plants 
Group 1 Group 2 


Manufacture of products containing radioactive materials... 

Process eh es control (not including radiography) 

Industrial iography and fluoroscopy 

Use of X-ray diffraction equipment 14 
Studies with radiation and radioactive materials 19 
Manufacture and testing of radiation-producing equipment _-.--. 21 
Industrial medical uses of X-rays 19 


| 


| 
| 
| 
| 


PARTIAL BODY EXPOSURE 


Many industrial radiation sources are mounted or shielded in such 
a way as to prevent exposure of the whole body. Yet exposure of 
the hands or some other part of the body is often possible. The film 
badge ordinarily will not give an adequate measurement of such partial 
body exposures. In this study it was found that very few plants have 
satisfactory procedures for determining the exposure received by parts 
of the body. This is due primarily to the fact that most available 
monitoring equipment is undependable or difficult to use for these 
measurements. Whatever the reason, it is apparent that there is 
insufficient data on partial body exposure to make a proper analysis 
of the situation. 
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This is most unfortunate, for the only radiation injuries reported in 
the 72 plants studied were the result of hand exposures. Three such 
injuries occurred during the last 5 years, all from the operation of 
X-ray equipment in the laboratory. 


RADIOACTIVE CONTAMINATION 


By and large, radioactive contamination has not seemed to be a 
serious industrial problem in most of the facilities investigated. There 
have been several cases of contamination spread to uncontrolled areas, 
but in no case has there been any evidence to show that the contami- 
nation was carried off the company premises. While about a third 
of the installations are using radioactive materials not in sealed-source 
form, only a few have more than a curie on hand at any one time. 

In plants where large quantities of radioactive materials are handled, 
periodic urinalyses for specific radioactive isotopes are made on poten- 
tially exposed employees. Special urinalyses are scheduled in other 

lants following any antiwhed incident involving radioactive material. 
Nearly all plants have the urinalyses performed by some outside com- 
pany specializing in such service, or by the General Engineering Labo- 
ratories of the company. The results to date indicate that no indi- 
vidual has acquired a body deposition of any radioactive material 
above a few percent of the maximum permissible limit. 


RADIATION PROTECTION PROBLEMS OF SPECIAL INTEREST 


The radiation work within the 72 facilities discussed in this report 
is extremely varied, but most of the protection problems encountered 
are similar to those which have been thoroughly described in the 
literature previously. However, a few manufacturing problems 
deserve special mention. 


Manufacture of radiation generating equipment 

The manufacture of X-ray and fluoroscopic equipment, particle 
accelerators, and radiation generating devices of all kinds, including 
radiation gages and teletherapy units, has to assume some respon- 
sibility for the radiation protection of his customers. This is ordi- 
narily done by designing the equipment with special shielding and 
built-in safety mechanisms where this is feasible. Some manufac- 
turers also assist their customers in the design and testing of the facili- 
ties where the equipment is to be used. In addition, they often give 
their customers special instructions about the radiation hazards in- 
volved in using the equipment. About two-thirds of the plants 
studied are using such radiation generating equipment and more than 
half of these reported that they had received some instructions from 
the manufacturer about the hazards. 


Manufacture of high-voltage equipment producing X-rays 

A number of the plants included in the study are engaged in the 
manufacture of products which produce X-radiation during their 
normal operation for other purposes. The production testing of such 
equipment must be carefully controlled and the potential hazards to 
customers must be taken into account. Kenetron, klystron, and 
other electronic power tubes, high-voltage rectifiers, oscilloscopes and 
flying spot scanners, are typical examples of such X-ray producing 
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equipment. The quality and quantity of the radiation produced in 
these products is, of course, dependent on the operating currents and 
voltages, but dose rates above 100 r/hr. and energies above 200 kilo 
electron volts are not unusual. Many of these devices are incorpo- 
rated into other products such as radar sets and transformer assem- 
blies, and, in order to protect the customer, special shields have to be 
provided around the X-ray-producing equipment itself or in the final 
assembly housing. As a further precaution, some manufacturers 
provide special instructions and attach warning notices to the equip- 
ment to call attention to the hazards, 
Manufacture of television receivers 

During the last few years much publicity has been given to the 
possible hazards of X-radiation generated in television receivers. 
The manufacturers have given considerable attention to this problem. 

It is evident that soft X-rays will be produced in some of the cathode 
tubes used in television sets, but when the operating voltage is less 
than 20-25 kilovolts, the X-rays will be absorbed in the tube walls or 
in the surrounding case. As an approximation, the operating kilo- 
voltage of the TV tube is equivalent to the diameter of the screen in 
inches. For example, a 17-inch tube would operate at about 17 kilo- 
volts and a 21-inch tube would operate at about 21 kilovolts. Color 
TV sets are normally operated at higher voltages than black and white 
sets. Projection-type TV equipment is likely to be more hazardous 
because the sensitive screen is outside the tube. In this case the poten- 
tial hazard can be twofold; that from the primary electron beam and 
that from the X-rays produced at the screen. The manufacturers 
have studied these problems thoroughly and have developed sets 
which are completely satisfactory from a hazards point of view. 
Nevertheless, the production testing of almost all types of television 
sets requires that rigid radiation-protection rules be enforced. 


Manufacture of products containing radioactive materials 


The U.S. Atomic Energy Commission is now able to supply quan- 
tities of many radioactive isotopes not previously available to private 
industry. As a result, manufacturers are now using these materials 
for a variety of new products, such as radioactive batteries, light 
sources, glow switches, and luminescent signs and markers. so, 
manufacturers have found that the use of small amounts of radio- 
active materials in certain electron tubes, in the starter switches for 
fluorescent lamps and in many other products markedly improves 
their operating characteristics. These uses of radioactive materials 
can involve potential hazards to both the workers and the customers. 

The several plants making such products have adopted a number 
of procedures which have reduced the radiation hazards to an accept- 
able level. By research and experimental techniques, the amount and 
kind of radioactive material are selected to give the optimum per- 
formance with the least possible exposure. For example, the radium 
used in luminous dial timepieces may soon be replaced with other 
radioactive isotopes which are much less hazardous, and which have 
a longer luminescent life and better light and color properties. In 
another plant, it was discovered that a smaller amount of a less haz- 
ardous radioisotope would permit further improvement in the prop- 
erties of an electron tube. As a further protection to the customer, 
many of the plants surveyed are also labeling products that contain 
radioactive materials in amounts above established levels. 
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Conclusion 


The experience of the General Electric Co. in 72 highly diversified 
and widely scattered operations is considered to be representative of 
the thousands of industrial plants now engaged in radiation work. 
The information reported for these 72 facilities indicates that indus- 
trial radiation hazards can be satisfactorily controlled and that a rela- 
tively small number of specialists are required to assure this control. 


PART II 
WORKMEN’S COMPENSATION AND RADIATION HAZARDS 


STATEMENT BY Dr. Eart F. CHErt, PRESENTED TO THE AFL-CIO 
CoNFERENCE FOR AFFILIATED UNiIonsS oN Atomic RaprIATION 
Hazarps, Wasnineron, D.C., Fesruary 27-28, 1957 


New industrial methods and materials are frequently accompanied 
by new job hazards—for example: enameling processes and the danger 
of lead poisoning; fluorescent lighting and beryllium-caused death 
and disease; increasing industrial uses of atomic energy and radiation 
injury and disease. As the industrial uses of atomic energy develop, 
the possibility that [more] workers will be exposed to disabling ionizing 
radiation makes urgent a reexamination of what protection is avail- 
able to them. 

In only 15 States (California, Connecticut, Indiana, Maryland, 
Massachusetts, Michigan, Minnesota, Missouri, New Jersey, New 
York, Ohio, Pennsylvania, Rhode Island, Washington, and Wisconsin) 
can we say with certainty that [such] cases will receive full coverage, 
unlimited medical benefits, and in general, the same protection offered 
all other injured workers. The other State laws offer combinations 
of uncertain coverage, limited medical benefits, and indefinite recovery. 

Beyond the general weaknesses in the compensation protection of 
some States are others which have special significance for radiation 
eases. And unless many States make significant legislative changes, 
workers suffering radiation-caused) disability will join a group of 
second-class beneficiaries under a system whose first-class citizens are 
not to be envied. 

Basically, the radiation hazard of atomic energy is an occupational 
disease problem. Disability or death due to explosion or burn are 
clearly covered under all Jaws. But for those persons who escape 
death or immediate injury from atomic blast and who are subse- 
quently afflicted, the problem of tracing disability to the accident and 
of gaining coverage may be more difficult. These persons, as well as 
those disabled from chronic exposure to ionizing radiations (a more 
significant group numerically), [will] likely encounter barriers to 
compensation for their disabilities. 

ronic exposure, either externally or through inhalation or inges- 
tion, [may] cause injury or disease if it exceeds permissible safety 
limits. But, as experience with cases of tissue damage or ulcer from 
overexposure to X-rays or radium rays has taught, radiation-caused 
disease or injury may not develop its symptoms or create disability 
until months or even years after the harmful exposure. 
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Bone tumors suffered by young women working with radium dial 
paint in the 1920’s were discovered as early as 2 years after exposure; 
yet new ones have been discovered as late as 1954, some 36 years after 
exposure.! Data from the [National] Cancer Institute, U.S. Public 
Health Service,’ reveal that although the average latent period of oc- 
cupational skin cancers due to X-radiation is 7 years, this period ranges 
from 1 to 12 years. Lung cancer from ionizing radiation has an aver- 
age latent period of 25 to 30 years, and a latent period range of from 
7 to 50 years. 

Hopefully, there is much that can be done in the prevention of 
disability ee to chronic exposure to ionizing radiation. With the 
aid of its labor advisory committee, and the published radiation pro- 
tection standards of the Atomic Energy Commission, New York 
State has developed and put into effect a pioneering safety code for 
atomic radiation covering industry in that State. Recommenda- 
tions for legislative action in this field are available,‘ as are details 
for procedures, evaluation, and control of radiation hazards. Even 
more encouraging, where such procedures and precautions have been 
used, safety records, such as those reported by the Atomic Energy 
Commission, have been very good.® 

But sometimes exposures within permissible safety limits can later 

rove harmful. Industrial cases in which workers are not protected 

y safety standards must look to workmen’s compensation laws for 
their economic rehabilitation. But they will find that disability due 
to occupational disease does not receive as good coverage or protec- 
tion as does disability due to accidental injury under our compensa- 
tion laws. 

No one would seriously argue that a worker suffering bone destruc- 
tion or a tumor due to chronic job exposure to radioactive material 
is less a casualty of industry than a coworker who loses a hand in a 
machine tool mishap, yet the compensation laws of many American 
jurisdictions will deny these workers equal treatment. There are 
three barriers to equal treatment: (1) failure to cover occupational 
disease; (2) time barriers to occupational disease claims; and (3) 
poorer medical benefits than those provided for the accidentally 
injured. 

COVERAGE FAILURE 


Two States, Wyoming and Mississippi, provide no workmen’s 
compensation coverage for injury or death due to occupational disease. 
By contrast, full “blanket’’ coverage of all occupational disease is 
provided by 33 compensation laws.’ The remaining 19 jurisdictions * 


“Proceedings of the Annual Convention of the International Association of Industrial Accident Boards 
and Commissions (IAIABC), 1955,’ Bureau of Labor Standards, Bull. 186, 1955 (p. 192). 

2 “Proceedings of the Annual Convention of the [AIABC, 1954,” Bureau of Labor Standards, Bull. 180, 
1954 (pp. 126-144). 

3 See “‘Monthly Labor Review ”’ January 1956 (p. 62). 

4 “Proceedings of the Annual Convention of the [AIABC 1955” Bureau of Labor Standards Bull. 186, 
1955 (pp. 195-198). 

§Tbid. (pp. 180-186). 

¢*< Proceedings of the Annual Convention of the [IAIABO 1949” Bureau of Labor Standards Bull. 119, 
1949 (p. 68). 

7 Alaska, Arkansas, California, Connecticut, Delaware, District of Columbia, Florida, Hawaii, Illinois, 
Indiana, Kentucky, Maryland, Massachusetts, Michigan, Minnesota, Missouri, Nebraska, Nevada, 
New Jersey, New York, North Dakota, Ohio, Oregon, Pennsylvania, Rhode Island, South Carolina, Utah, 
Virginia, Washington, West Virginia, Wisconsin, Federal Employees Compensation Act, and Longshore- 
men’s and Harbor Workers’ Compensation Act. 

8 Alabama, Arizona, Colorado, Georgia, Idaho, Iowa, Kansas, Louisiana, Maine, Montana, New Hamp- 
shire, New Mexico, North Carolina, Oklahoma, Puerto Rico, South Dakota, Tennessee, Texas, and 
Vermont. 
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offer the limited “schedule” type of coverage—that is, compensation 
only for certain stated diseases. The number of diseases covered 
ranges from 6 in Louisiana to 46 in Texas. 

Experience under the laws of those States which have provided full 
coverage for some years seems to indicate quite clearly that (despite 
fears to the contrary) the costs of such coverage have actually proved 
to be remarkably small and have created no great problems of abuse 
or administration.’ Even when a flood (of accrued liability cases) has 
been threated, such as in nontraumatic occupational loss of hearing, 
the provision of adequate protection has proved neither burdensome 
nor beyond administrative solution. 

In defense of schedule coverage, it is sometimes maintained that a 
list of covered diseases can be fairly complete, without risking great 
sudden cost burdens to the compensation system. Quite aside from 
the fact that experience has proved such precaution unnecessary, it 
seems questionable compensation policy to ignore occupational disease 
and shift its cost to the workers rather than to the social insurance 
system which was created to assume and distribute it. 

Schedules of occupational disease coverage tend to become inflexible; 
change is resisted; and even when schedules are revised, they very 
quickly become obsolete as the processes of work change. Most 
States with occupational disease schedules include radiation-caused 
disability. But after a study of these schedules, Ashley St. Clair, an 
official of a leading compensation insurance carrier, concluded that 
In a number of these laws, * * * the description used is so restrictive that some 
workers in those States who hereafter suffer radiation diseases as a result of work 
exposure to radioactive isotopes or to other forms of atomic energy will not be 
entitled to compensation benefits. In short, a schedule of compensable occupa- 


tional diseases, even a schedule as complete as that of Texas, is an unsatisfactory 
device.?° 


We can readily agree with Mr. St. Clair’s conclusion that there is no 


* * * good reason to give compensation benefits to one man suffering from an 
occupational disease and deny them to another, merely because the latter is 
suffering from a disease not known when the schedule was drawn. 

But unless the occupational disease coverage is made general, that is 
precisely what may happen in radiation cases. 


TIME BARRIERS 


The statutes of limitations which many jurisdictions maintain are 
only slightly less serious in their effect of barring compensation for 
disability due to occupational diseases. In all States, a claim will be 
denied unless two notices are filed within a specified time after the 
disability. Although these requirements vary from State to State, 
the first notice, that to the employer, must be given usually within a 
month of injury; and the second, that for filing a claim, must be made 
within 1 year. Students of workmen’s compensation seem agreed 
that the principle of a statute of limitations is justifiable. Without 
notice of claim, employers might be prejudiced. In addition, these 
bars tend to prevent easy abuse of benefits and reduce the possibility 
of a sudden flood of cases that could come from newly compensable 


-s 
* Herman M. Somers and Anne R. Sommers, ‘“‘Workmen’s Compensation,” New York, John Wiley & 
Sons, Inc., 1954 (pp. 50-53). 
moe of the Annual Convention of the IAIABO, 1949,”” Bureau of Labor Standards, Bull. 119, 
p. 76). 
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hazards. And finally, to leave out a limitations statute makes it 
difficult if not impossible to write workmen’s compensation insurance 
that is actually sound. 

But a limitations statute can deny disabled workers benefits that 
are rightfully due them. This problem could be particularly acute 
in cases of radiation injury and diseases where the latent period may 
range as long as 50 years. Failure to give timely notice to the em- 
ployer has in the past proved a minor problem since it has been easily 
excused. But for many -jurisdictions, such a waiver is not likely 
under the second time limit—that for filing claims. In general, these 
statutes of limitations can be grouped into two types—those which 
run from the date of last exposure (or last day of work for the em- 
ployer) and those which do not run until the date of disability. It is 
the former type of bar which, unless changed, will operate to preclude 
claims of many (perhaps most) radiation cases. 

Eighteen ™ laws today bar compensation claims to workers whose 
disability occurs from 1 year to 5 years after exposure, with the most 
frequent period being 1 to 2 years.’* Since the average latent period 
of skin cancers due to X-radiation is 7 years, and lung cancer about 
30 years, the possible effect of these time bars in denying coverage is 
obvious. Those who change jobs, either within their company, or 
who take work elsewhere, and later develop radiation injury or disease 
may be barred from filing a compensation claim. They are neither 
entitled to idemnity, medical, nor rehabilitation benefits, although 
the causal relation to their employment would not be hard to identify. 
Furthermore, since their disability would be clearly occupationally 
caused, these workers could not benefit from group liability plans in 
effect today in many companies. 

One approach, taken by a majority of American jurisdictions (to 
mitigate the effects of time barriers), is to specify a time bar which 
runs only from the date of disability, or from the time when the 
employee first found symptoms of the disease, or reasonably should 
have found them. Twenty-eight States * have such statutory pro- 
visions presently in effect. These time bars range from 60 days to 
3 years. 

This more flexible type of claims time limit was recommended by 
the U.S. Department of Labor ‘model bill.”’ Section 28(a) (of that 
bill) provided: 

* * * the right to compensation for disability shall be barred unless a claim 
therefor is filed within 1 year after the injury or the manifestation of the disease 
claimed to have resulted from the employment * * * the time for filing claim 
shall not begin to run in cases of latent or undiscovered physical or mental im- 
pairment * * * until (1) the person claiming benefits knew, or by exercise of 
reasonable diligence should have known, of the existence of such impairment and 


its causal relationship to his employment and (2) he incurs loss of wages or has 
impaired capacity to earn * * *™4 


1! Alabama, Arkansas, Delaware, Florida, Georgia, Hawaii, Idaho, Illinois, Iowa, Montana, Nebraska, 
North Carolina, North Dakota, Oregon, South Carolina, South Dakota, Vermont, and West Virginia. 

12 Only four jurisdictions have more than 2 years: Florida and Oregon, 3 years; and Delaware and Hawaii, 
5 


years. 
8 Arizona, California, Colorado, Connecticut, Indiana, Kansas, Kentucky, Louisiana, Maine, Maryland, 
Massachusetts, Michigan, Minnesota, Missouri, Nevada, New Jersey, New Mexico, New York, Ohio, 
Oklahoma, Pennsylvania, Rhode Island, Tennessee, Texas, Utah, Virginia, Washington, and Wisconsin. 

4 “Draft Provisions for a Comprehensive Workmen’s Compensation Law,” U.S. Department of Labor, 
November 1955 (p. 40). 
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Fortunately, the harsh effects of the statutes of limitations have 
been reduced through liberal court interpretation. Case law has in 
several jurisdictions stated that the time bar will not run until the 
disease is reasonably discernible, or until the first manifestations of 
the disease, or until it is reasonably discernible that the disease is due 
to the employment. Although liberal court interpretation has 
brought many welcome changes to workmen’s compensation laws, it is 
no substitute for adequate legislation. 


MEDICAL BENEFITS 


Some victims of radiation disease will be denied equal treatment 
with accidental injury cases because of the statutory limits on medical 
benefits for occupational disease. Like the occasional indemnity 
benefit limits found in the laws, most. of these apply to silicosis and 
asbestosis cases only. Nevertheless, they are part of the larger prob- 
lem of limits on medical benefits under compensation laws. Perhaps 
the easiest way, briefly, to examine the amount of medical care which 
radiation cases will receive under present-day workmen’s compensa- 
tion is to divide the laws into two groups. In the first group are those 
compensation laws which offer both full occupational disease coverage 
and unlimited medical benefits; in the second group are laws which 
limit either occupational disease coverage or medical benefits to the 
occupationally diseased, or both. 

Twenty-five *® of our 54 workmen’s compensation jurisdictions ” 
provide complete protection. Radiation cases, as well as all other 
occupational disease victims in these jurisdictions, will be assured of 
coverage as well as of unlimited medical benefits. Only one thing 
mars the admirable record of these 25 laws—7 of them also provide 
for time bars to recovery which run from last date of exposure (or 
employment). These are Delaware, Florida, Hawaii, Nebraska; North 
Dakota, Oregon, and South Carolina. 

The second group—those that limit coverage and/or medical ben- 
efits to occupational disease cases—(is composed of 29 laws). Radia- 
tion disease victims in these jurisdictions will face a wide range of 
situations—most of them undesirable. First, in only seven of these 
laws—those offering full coverage of occupational disease—is it certain 
that radiation cases will be covered. Arkansas and Illinois provide 
radiation cases unlimited medical benefits (if claims are filed within 
2 years and 1 year, (respectively), of last exposure). Alaska (for 4 
years), and Nevada and Virginia (for 1 year), will cover these cases 
and provide full medical benefits. None of these laws has a time bar 
linked to exposure date alone. Utah covers all injuries and disease, 
and pays accidental injury cases unlimited medical benefits, but limits 
medical benefits to occupational disease cases at $1,600. West Virginia 
has a limit of $2,400 (plus a 2-year time bar after exposure). 


18 See William R. Schneider, ‘‘Workmen’s Compensation Text,” St. Louis, Thomas Law Book Co., 1943, 
vol. III (pp. 519-520). 

6 California, Connecticut, Delaware, District of Columbia, Florida, Hawaii, Indiana, Maryland, Massa- 
chusetts, Michigan, Minnesota, Missouri, Nebraska, New Jersey, New York, North Dakota, Ohio, Oregon, 
Pennsylvania, Rhode Island, South Carolina, Washington, Wisconsin, Federal Employees Compensation 
Act, and Longshoremen’s and Harbor Workers’ Compensation Act. 

17 48 States, Alaska, District of Columbia, Hawaii, Puerto Rico, Federal Employees Compensation Act, 
and Longshoremen’s and Harbor Workers’ Compensation Act. 


34434—59——13 
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For the other 22 laws, a discussion of medical benefits for radiation 
cases is somewhat premature, since in many of these jurisdictions 
they will not be covered by the law. Mississippi and Wyoming make 
this certain by covering no occupational diseases—even though both 
States offer full medical benefits to the accidental injury cases that 
they do cover. But even if radiation disease coverage is somehow 
achieved in the other 20 laws, and time limits do not bar claims, only 
in 6 of these jurisdictions, will radiation cases get unlimited medical 
benefits: Idaho, Maine, New Hampshire, New Mexico, North Carolina, 
and Puerto Rico. In the other States, their benefits will range from 
$1,000 in Colerado to $2,500 in Iowa or full benefits for 91 days in 
Texas. 

To anyone who has had experience with the treatment of radiation 
cases, the meaning of these limits on medical benefits is devastatingly 
clear. ‘Treatment may require months, sometimes years, and often, 
many thousands of dollars. There has been an encouraging trend 
toward unlimited medical benefits, but until the remaining 17 juris- 
dictions * who limit them revise their laws, it is clear that radiation 
cases stand a poor chance of getting adequate medical care in these 
States. 

SPECIAL PROBLEMS 


Radiation cases raise other important workmen’s compensation 
issues. Since radiation hazards are likely to produce cases with long 
latent periods, the question of how their liability should be appor- 
tioned soma employers is bound to become an important one. So 
will the long-debated issue of the right to select a physician for medical 
care. Efficient administration of the specialized medical care needed 
for radiation cases may require a greater degree of supervision over 
medical care than now exists under our workmen’s compensation laws. 
In fact, it is sometimes suggested that because of their somewhat 
unique nature these cases be given separate and special administration 
under the laws. Methods of insuring workmen’s compensation 
liability may also be outmoded for this new hazard. 


SUMMARY 


Regardless of the level of this protection, radiation cases can be 
assured equal protection with victims of accidental injury when all 
States: (1) adopt full coverage of occupational diseases; (2) adopt 
flexible statutes of limitations on claims filings; (3) remove barriers to 
equal medical benefits; and (4) where they exist, remove other special 
requirements for occupational disease benefits. 


Ear F. Cuerr, St. Louis University. 


18 Alabama, Alaska, Arizona, Colorado, Georgia, Iowa, Kansas, Kentucky, Louisiana, Nevada, South 
Dakota, Tennessee Texas, Utah, Vermont, Virginia, and West Virginia. 
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PART III 


WHAT PROTECTION DO PRESENT-DAY WORKMEN’S COM. 
PENSATION LAWS AFFORD WORKERS AND THEIR FAMI- 
LIES AGAINST WAGE LOSS FOR DISABILITY OR DEATH 

FROM OCCUPATIONAL DISEASE? 


Avpress By Asuiry Sr. Ciarr, Counset, Lisertry Murvat Instr- 
ANCE Co., Boston, Mass.—At tHe ANNUAL CONVENTION OF THE 
INTERNATIONAL ASSOCIATION OF INDUSTRIAL ACCIDENT BoArpDs AND 
Commissions, SeatrLe, Wasu., SepremBer 9, 1958 


Mr. Bean, honored guests, ladies and gentlemen of the International 
Association of Industrial Accident Boards and Commissions, it is a 
rivilege to speak to you men and women charged with the responsi- 
bility for administration of workmen’s compensation laws in the 
United States and Canada. It is a great pleasure to be a guest here 
in the great Northwest, and particularly in Seattle, which, to me, is 
one of the two most attractive cities in the United States. In view 
of the excellent program arranged by your president, Mr. Kennedy, 
and your officers, and the outstanding hospitality extended by the 
State of Washington and others, each of us is fortunate to be here. 
Perhaps I am more fortunate than most of you, because I have a 
daughter living here in the Northwest and my trip to Seattle has 
made it possible for me and Mrs. St. Clair to spend some time with 
her. 

At your meeting in St. Louis in October 1949, I spoke to you about 
occupational disease problems. That paper analyzed the provisions 
of the various workmen’s compensation laws with respect to occupa- 
tional disease and point out that in many States workmen’s compen- 
sation laws did not give workers and their families aaequate protec- 
tion against wage loss from occupational disease. It would be inter- 
esting to review the occupational-disease legislation enacted since 
1949, but time does not permit. It seems better to summarize indus- 
trial and scientific developments since 1949, to state the problems 
created by occupational didbhos case emerging long after exposure, 
to state what protection State laws now give workers against occu- 
pational disease hazards, and to set forth what legislation is necessary 
to afford workers adequate protection against wage loss from occupa- 
tional disease. 

Since 1949 industrial research, particularly in the field of chemistry 
and physics, has proceeded at a constantly accelerating pace. New 
industrial processes in the field of chemical manufacturing have been 
developed. Many of these processes involve exposure to new disease 
hazards. The most dramatic and exciting developments in science 
and industry have been in the field of nuclear energy. To you, 
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radiation is not a new hazard. Many of you have processed radia- 
tion injury cases caused by exposure to X-ray or radium. Prior to 
1946 the radiation hazard in private industry was confined almost 
entirely to X-ray installations, to the use of radium and its deriva- 
tives, to mining of radioactive ores, and to reactors and other nuclear 
facilities owned by the United States. In 1946, when most forms of 
nuclear energy were still a Federal Government monopoly, the Atomic 
Energy Commission started the distribution of radioisotopes for use 
in industrial processes, in research and in medicine. Today close to 
5,000 ? licensees of the Commission are using radioisotopes for these 
purposes. The Atomic Energy Act of 1954 ended for practical pur- 
poses, the Federal monopoly in nuclear energy and permits the opera- 
tion by private business, research and educational institutions of 
almost every kind of nuclear facility. For many reasons, principally 
because of the substantial expense required for building nuclear 
facilities, the progress of private organizations in the nuclear energy 
field has not been as tanid as some persons hoped when the 1954 act 
was passed. Nevertheless, radiation exposure in private industry, in 
hospitals, in universities and in private research laboratories has 
increased many times in the past 10 years and will continue to increase. 
The comprehensive report filed last year by your Atomic Ener 
Committee, together with the exhibits attached to that report, ai 
clear that there is a radiation hazard in industry in every one of 
States.? It is certain that that hazard has increased in almost every 
State during the past 12 months. Accurate information with respect 
to Canada was not available to me, but I know of industrial exposures 
in Ontario and Quebec and I suspect that Canadian industry, research 
and medicine are abreast of the United States in their uses of radio- 
isotopes. It is certain, therefore, that the radiation injury problem 
is of increasing concern to everyone here today. 

A number of persons have proposed that special and unusual 
measures are necessary to insure that workers injured by exposure to 
radiation get workmen’s compensation benefits. ‘These proposals are: 

(1) that the problem is so complex that only the Federal Gov- 
ernment can solve it and hence that the Federal Government 
should assume jurisdiction over radiation injuries suffered by 
employees of Government contractors and of Atomic Energy 
Commission licensees; 

(2) that a person suffering a radiation injury or who has been 
exposed to excessive amounts of radiation without symptom of 
injury receive special compensation benefits beyond those 
afforded workers suffering injuries from other causes; 

(3) that whatever compensation law may be applicable, that 
law should contain provisions necessary to make certain that a 
worker suffering from a serious radiation injury receives the 
special medical treatment required in such a case; 

(4) that because radiation injury may not manifest itself until 
many years after exposure, every compensation law applicable 
to radiation injury should contain a special statute of limitations 
applicable only to that injury. 

1 Release No. 948, U.S. Atomic Energy Commission, Dec. 31, 1956 


2 Report of IAIABC Atomic Energy Committee for 1957, Hon. Clay Shackelford, chairman, p. 6, 
IAIABC proceedings—1957, Bulletin 195, U.S. Department of Labor. 
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None of us will quarrel with the objective these persons are seeking 
to accomplish, namely to make certain that a worker who suffers a 
radiation injury gets adequate compensation benefits, including 
such medical treatment as he requires. The remedies they propose, 
however, are in some respects too drastic and in other respects too 
narrow. 

It is not necessary to advisable to give the Federal Government 
jurisdiction over claims for radiation injury suffered by a limited class 
of workers. The compensation laws of a number of States already 
afford an adequate remedy for radiation injury... In my own State 
of Massachusetts, a worker who suffers such an injury, even if it does 
not emerge until 20 years after exposure, is entitled to compensation 
benefits, including whatever medical and hospital care he may require 
during his lifetime. There is no good reason why a man who receives 
a radiation injury should receive compensation benefits in excess of 
those given another man who suffers an equally disabling injury from 
trauma or disease. To the extent that any compensation law does 
not assure skilled medical and hospital care to a worker who suffers 
serious injury, that defect should be cured. To the extent that any 
compensation law does not afford an adequate remedy for any occu- 
pational disease, that law should be amended, and the amendment 
should not be restricted to radiation injury, but rather should include 
every occupational disease. 

Two effects of exposure of man to radiation deserve mention here, 
because they raise unusual problems in handling workmen’s compen- 
sation claims. First, the effect of repeated exposure to small amounts 
of radiation, each one of which may be within the so-called permissible 
dose, is cumulative with the result that such repeated exposure ma 
cause disability. Second, a radiation injury may not become mani- 
fest until many years after exposure. hese effects, however, dis- 
abling injury after long-repeated exposure and long-delayed emergence 
after exposure, are not peculiar to radiation injury or novel to you. 
Silicosis is perhaps the most common, and certainly the best known, 
of those diseases which result from repeated exposures over a period 
of time to a harmful substance. Long-delayed disablement after 
exposure to compressed air, arsenic, benzol, beryllium, cadmium, 
chrome, fluorine, and other metals and chemicals is common. Any 
occupational disease caused by repeated exposures to an injurious 
condition and whose emergence may be long delayed after exposure, 
presents problems similar to those posed by radiation injury. These 
problems should be kept in mind as we turn to an analysis of the occu- 
pational disease provisions of our workmen’s compensation laws and 
what changes in those laws are necessary to secure workmen’s com- 
pensation benefits to workers suffering from occupational disease. 

In each of six general areas legislative action is necessary in some 
jurisdictions to bring the occupational disease provisions of all of our 
workmen’s compensation laws to the standard required by a modern 
industrial society. 

1. In view of present-day disease hazards in industry, and 
particularly of the increasing radiation hazard, should not every 
jurisdiction make compensable, under a proper definition, every 
occupational disease? 





? California, Florida, Kentucky, Louisiana, Massachusetts, Michigan, Missouri, New York, Rhode 
Island, Tennessee, Virginia, and Washington. 
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2. Should not whatever time limitation is applicable to an 
occupational disease claim run from the date of disablement or 
other positive manifestation of disease? 

3. Should not the last of several successive insurers of the same 
employer be liable for all of the compensation due for an occupa- 
tional disease caused by long-continued exposure during the 
successive periods of coverage? 

4. In a case where it is established that an occupational disease 
is due to exposure in the employment of several successive em- 
ployers, should liability for compensation be prorated against 
each such employer, or should the employer in whose service 
the claimant was last injuriously exposed be solely liable for all 
compensation due? 7 

5. Should not all of our workmen’s compensation laws provide 
medical benefits for the time and in the amount necessary to 
provide the medical and hospital care necessary in radiation 
injury and other serious occupational disease cases? 

6. Should the law of each of our workmen’s compensation 
jurisdictions and regulations made pursuant to that law require 
an employer with a radiation hazard to observe proper safety 
precautions and to keep an accurate record of what employees 
are exposed to radiation, to preserve badges, films, and other 
information necessary for the safety of his employees and for the 
orderly handling of claims for compensation on account of 
radiation injury? 

Only the last of the problems above stated is peculiar to the use of 
nuclear energy by private organizations. The dramatic development 
of nuclear fission, including the bomb, during the past few years, with 
attendant publicity, should not blind us to, but rather should serve to 
highlight, the fact that a defect in a workmen’s compensation law, 
such as an unfair and unrealistic limitation of the time within which 
after exposure a disease must emerge to be compensable, will probably 
bar recovery in many more industrial poisoning than radiation cases. 
While we are considering the problems of those few thousand workers 
exposed to radiation as they go about their daily tasks, let us not 
forget the hundreds of thousands of persons who are exposed every 
working day to industrial poisons and harmful dusts. 

In only 32 U.S. jurisdictions are all occupational diseases compen- 
sable. In one of those jurisdictions there is a separate occupational 
disease law which the employer is presumed to accept unless he 
affirmatively rejects it. In two States an affirmative election by an 
employer is necessary if he wishes to provide workmen’s compensation 
benefits for his employees who may suffer occupational disease. In 
one State, Virginia, the law permits an employer to reject complete 
coverage for occupational disease and elect to be liable only for the 
diseases listed in a schedule. In each of 19 U.S. jurisdictions only 
those occupational diseases listed in a schedule are compensable. 
In one of these States, Tennessee, the compensation law provides 
benefits for a limited number of diseases specified in a schedule, and 
to provide complete protection the employer once again must so 
affirmatively elect. These schedules run from one extreme to the 
other. Texas lists 46 diseases. Alabama, at the other end, lists only 
occupational pneumonoconiosis. Most of these schedules include a 
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definition designed, it is to be presumed, to include all forms of radia- 
tion injury known when the schedule was drawn. Only one of the 
definitions, however, can be construed to cover all forms of radiation 
injury. For instance, Arizona’s definition, “ulceration of skin or 
destruction of tissue due to roentgen rays or radium emanations,” 
does not include injury caused by any of the hazards created by nuclear 
reactors. The Texas definition, ‘diseased condition caused by ex- 
posure to X-rays or radioactive substances,” does not include radiation 
injury from a particle accelerator or an electronic device, such as radar. 
Maine’s schedule does not include any form of radiation injury. 
Three States, Mississippi, Montana, and Wyoming, still afford no 
workmen’s compensation benefits for occupational disease. 
Today the United States is the leading industrial nation in the 
world. Only a few States are still predominantly agricultural. 
Within the lifetime of many of those present here, States like North 
Carolina, Louisiana, Texas, and Missouri have changed their econo- 
mies from predominantly agricultural to predominantly industrial. 
Other States, like South Carolina, Georgia, Alabama, and Tennessee 
are treading on their heels. In the light of today’s conditions and 
of the future which is close upon us, a future involving widespread 
use of nuclear energy for power and other purposes, of still more 
complex industrial and chemical manufacturing processes, every one 
of our compensation jurisdictions should make every occupational 
disease compensable. This objective should be accomplished by pro- 
viding that disablement from an occupational disease, under a com- 
prehensive definition, is compensable in the same manner as an 
injury by accident. The schedule device, however comprehensive, is 
unsatisfactory because today’s schedule will not include tomorrow’s 
disease. To repeat what I said to you in 1949, there is no good 
reason to give compensation benefits to one man suffering from an 
occupational disease and deny them to another, merely because the 
latter is suffering from a disease not known when the schedule was 
drawn. | 
Next, should a compensation law contain a provision that to be 
compensable disablement from an cemmpintitebalealiahhee must occur 
within a short period after the last exposure or after the last day of 
work for the employer from whom compensation is claimed? Thirty 
jurisdictions have such a provision in their compensation laws. The 
period of limitation after exposure varies from 120 days to 5 years. 
Consider a case of lung cancer from chrome developing 4 years after 
the victim left his employment in which he was exposed to chrome. 
In 25 jurisdictions in which occupational diseases are supposed to be 
compensable, that unfortunate man would never acquire a right to 
compensation for a statute of limitations to run against. The same 
principle applies to a delayed emergence radiation injury and to 
other occupational diseases. Is there now any good reason to deny 
compensation in such a case merely because the claimant’s disability 
does not occur within a specified period after exposure or employ- 
ment? Such time limitations should either be dropped altogether or 
made sufficiently long so that only occasional and unusual cases will 
be barred. There is ample experience to establish that the removal 
of such a limitation will not result in placing an undue burden on 
industry. A number of leading industrial States have no such limi- 
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tation.‘ The accumulated experience of employers and carriers in 
these States proves that it is feasikle for every State either to drop 
such a limitation altogether or to extend it to, say, 20 years. 

One of the most difficult problems facing a compensation adminis- 
trator in deciding a case of disease resulting from repeated exposure 
over a long period of time is the proration of liability between suc- 
cessive carriers of the same employers or between successive employers 
of the injured claimant. The investigation and litigation of such 
cases is long and expensive. For that reason the private workmen’s 
compensation carriers, through the cooperation of the National Coun- 
cil on Compensation Insurance and other workmen’s compensation 
insurance rating bureaus, included in the new standard provisions 
workmen’s compensation and employers’ liability policy, put into 
use in 1954, a provision that as between several successive insurers 
of the same employer, the insurance carrier on the risk on the last 
day of the last injurious exposure to conditions causing a disease 
is liable for all of the compensation due the claimant from that em- 
ployer. This provision, in force only 4 years, has worked very well 
and over the years will serve to reduce the cost to the carriers of proc- 
essing occupational disease claims. Each of our compensation laws 
should provide that the last of several successive employers of a 
claimant suffering from an occupational disease caused by an injurious 
exposure in each such employment be solely liable for all of the 
compensation due the claimant. Several occupational disease laws 
contain such a provision, subject to the qualification that in cases 
of silicosis or asbestosis an exposure of less than 60 days shall not be 
deemed a last exposure. A comparable provision is necessary for 
radiation cases. In a number of States, however, proration between 
employers is provided by law. Once again, the cost of investigating 
and litigating such cases is excessive. To make the last employer 
solely liable for all of the compensation benefits due the claimant 
would save time of compensation administrators and would save time 
and expense for employers and their insurance carriers. 

A workmen’s compensation law has two prime objectives. The 
first is to provide weekly benefits in lieu of wages lost because of 
disability from a work injury. The second, and of equal importance, 
is to cure or relieve a workman of the effects of that injury and to 
restore his work ability as promptly as possible. Weekly compensa- 
tion benefits are not within the scope of this paper. Let us turn, 
therefore, to the question of whether today’s workmen’s compensation 
laws afford adequate medical benefits for occupational disease cases. 
Our Federal workmen’s compensation laws, and 34 of our State laws, 
give complete medical protection for traumatic injuries. Of those 
34 States, a number limit such benefits payable in some or all occu- 
pational disease cases.’ Fourteen of our States and Alaska limit 
either the period during which medical payments are payable or the 
total amount payable in each compensation case. Of these, seven 
States apply both limitations. Of these 15 jurisdictions the largest 
benefit payable is $2,500, the lowest $1,000. The shortest period 
during which medical benefits are payable is 120 days; the longest is 
Alaska’s 4 years with no dollar limitation. That the most generous 
of these limited benefits is inadequate goes without saying. Many 


4 See exhibit D. 
5 See exhibit F. 
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oecupational disease cases require months and even years of treatment, 
Within my own experience I have seen a radiation burn case still 
under treatment 17 years after the injury first manifested itself. A 
case of tuberculosis following silicosis may require long hospitalization. 
Medical treatment of aplastic anemia from benzol poisoning is expen- 
sive. It is not necessary to add to that list because all of you have 
seen. many long-drawn-out disease cases requiring months and years 
of treatment. Further, some workers who have suffered from occupa- 
tional disease are as much in need of rehabilitation as a man who has 
lost an arm or a leg. 'A foundry worker suffering from silicosis and 
unable to return to his dusty trade but able to work should be given 
the opportunity and means to learn another occupation. A reactor 
employee who has suffered more than the maximal permissible dose 
of radiation should likewise be given the means and opportunity to 
learn another trade. 

The aggregate number of compensation cases, countrywide, requir- 
ing long-drawn-out, expensive medical and hospital care is large. 
Relatively, however, such cases are few in number. The experience 
of those States, including our most heavily industrial States, which 
provide full medical benefits, establishes that such full benefits do not 
impose a heavy burden on employers and carriers. On the contrary, 
the additional cost of providing such benefits is only a small percentage 
of workmen’s compensation premiums.® Our industrial society can 
no longer refuse to provide the medical and hospital care necessary 
for the treatment of every victim of our industrial processes. Further, 
there is no sound reason to discriminate, with respect to medical care, 
against persons suffering from occupational disease. 

Let us now turn briefly to two problems peculiar to the radiation 
hazard. That exposure to radiation causes genetic injury is well 
established. That injury may be roughly described as an alteration 
in the complicated chemical nature of one or more of a person’s genes. 
This alteration, called a mutation, ordinarily affects each gene inde- 
pendently and, once changed, an altered gene then persists from gen- 
eration to generation in its new or mutant form. Any radiation dose, 
however small, can induce some mutation. There is no minimum 
amount of radiation dose which must be exceeded before any muta- 
tions occur. Every living thing, fruitfly, corn plant, mouse or man, 
suffers mutations which arise from natural causes, cosmic rays, radi- 
ation from radium and similar substances in rocks and in soil, and 
from heat and certain chemicals. These unavoidable mutations are 
called spontaneous mutations. Additional radiation, as from an X- 
ray, produces mutations additional to the spontaneous mutations. 
These mutations, all of them, affect those hereditary traits which a 
person passes on to his descendants. Such a result will occur, even 
though the ancestor, during his lifetime, never exhibits any evidence 
of injury. 

Some persons have urged that workers exposed to radiation receive 
workmen’s compensation benefits for genetic injury. I submit that 
this proposal is unsound. The ultimate and only sufferer from a 
radiation injury to a gene is not the ancestor who was irradiated, 
but one of his descendants, and probably a remote descendant. To 
 ¢Mustrative of the small cost of providing adequate medical coverage, the manual rate in Kentucky for 
additional medical coverage, $100,000 for each injured person is 2.0 percent of the manual premium; in 


Kansas, 1.5 percent; in Alabama, 4.5 percent; in Colorado, 4.5 percent; in Georgia, 3.5 percent; in Iowa, 3.5 
percent. Oharges in other limited-medical coverage States are within the range indicated above. 
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pay indemnity because of genetic injury, the extent and result of 
which is impossible ever to establish, to a person who has been exposed 
to radiation is to pay that indemnity, not to the person actually 
injured, but to another person. If, in fact, the increasing exposure 
to radiation of our population causes an increase in the number of 
children born with serious physical and mental defects, it is the duty 
of our society to care for those unfortunate persons rather than to 
indemnify their ancestors. 

Probably the most important task facing us in the atomic age is to 
make certain that every precaution necessary to prevent radiation in- 
jury to the public and to workers exposed to radiation sources is taken. 

he Atomic Energy Commission promulgated its safety regulations, 
effective January 16, 1957.7. The standards so established agree sub- 
stantially with those recommended by the National Committee on 
Radiation Protection and included in the model regulations suggested 
by that Committee and adopted by some States.2 It must be noted, 
however, that the Atomic Energy Commission regulations apply only 
to persons who are licensed by the Commission to receive, possess, 
use, or transport nuclear materials and do not apply to persons using 
radium or radon, X-ray machines, particle accelerators or radar, each 
of which carries a substantial radiation hazard. Further, the Com- 
mission regulations do not apply to the mining, refining, or milling of 
radicative ores. It follows that although the Atomic Energy Com- 
mission by its safety regulations has preempted the field with respect 
to its licensees, State regulation of radiation sources is vitally neces- 
sary. Every State should adopt a radiation safety code, preferably 
the model regulations recommended by the National Committee on 
Radiation Protection. Not only is it desirable that safety regulations 
be uniform from State to State, but, because the National Committee 
on Radiation Protection is continuing its studies of how to limit and 
control radiation hazards and will publish from time to time amend- 
ments and additions to its model regulations, each State which adopts 
such regulations can, with little expense, keep abreast of developments 
in this fast expanding field. 

Safety regulations, however adequate, are useless unless enforced 
by civil authority and observed by those persons and organizations 
making use of nuclear energy. At this point a State wishing to con- 
trol radiation hazards within its borders faces several difficult prob- 
lems. If those hazards are substantial, effective control will require 
a number of trained personnel. Most of the radiation hazard in the 
State may be created by Atomic Energy Commission licensees or con- 
tractors who are subject to Commission regulations. That fact need 
not deprive a State of a significant role in controlling radiation hazards. 
With respect to Atomic Energy Commission licensees, however, the 
State must be willing to act as an agent of the Federal Government 
and to assume responsibility for enforcement of Atomic Energy Com- 
mission regulations. Every State has one or more agencies which 
inspect. working conditions in industrial plants, the discharge or dis- 
posal of industrial wastes, and other hazards affecting the health and 
safety of its citizens. Such a State agency, if it has a sufficient num- 
ber of personnel trained in radiation hazards, can, by appropriate 


7 “Atomie Energy Commission Safety Regulations,’’ pt. 20 (22 F.R. 548). 


) 
8 “National Bureau of Standards Handbook No. 61,’ available from Superintendent of Documents, U.8. 
Government, Washington, D.C. 
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agreement with the Atomic Energy Commission, undertake the en- 
forcement within that State of Commission regulations with respect 
to all or a part of Commission licensees in the State. This procedure 
is authorized by the 1954 act. That the Commission intends to use 
to the full the authority given it by this provision, and even to expand 
further the role of the States in enforcing the safety standards set by 
Commission regulations, was made clear by Mr. Harold L. Price, 
Director, Division of Licensing and Regulation, Atomic Energy Com- 
mission, in a paper given March 26, 1958, before the President’s Con- 
ference on Industrial Safety. Full cooperation in this area between 
the Atomic Energy Commission and the States will eliminate unnec- 
essary duplication of effort, save money, relieve Atomic Energy 
Commission officials and inspectors for work in other areas and come 
close to achieving throughout the country effective protection against 
radiation hazards.”® 

The effectiveness of radiation protection regulations, even though 
zealously enforced, will depend upon the cooperation with State and 
Federal authorities of the managements of those organizations using 
radiation sources. In each laboratory, hospital and industrial plant, 
with a radiation hazard strict safety procedures must be followed. 
There must be continuing education of every expnrs employee to 
make certain that he understands the procedures he must follow for 
his own safety, for the safety of his fellow workers and for the protec- 
tion of the public. Management must make certain by constant 
strict supervision that the prescribed safety procedures are followed. 
From experience we know that familiarity breeds contempt, that lax 
supervision and low standards breed lax work habits and careless 
practices. In short, to paraphrase a well-known saying, eternal 
vigilance is the price of sa ot: 

It is beyond the scope of this paper to recite those safety standards 
to be observed under various conditions. However, there are two 
sections of the recommended regulations of such importance to the 
orderly handling of radiation injury claims that they deserve brief 
mention here. Of those questions which have engaged the attention 
of lawyers who have studied the various legal problems arising from 
the widespread use of nuclear energy, one of the most perplexing is 
that of proof. How will a worker who has been exposed to radiation 
and who is suffering from a disease possibly caused by radiation ascer- 
tain the amount of radiation to which he has been exposed? How 
will an employer against whom such a claim is made get evidence, if 
he believes the claim unfounded, to defend it? Two sections of the 
model regulations, primarily directed toward the safety of persons 
working in the vicinity of radiation-producing sources, are nevertheless 
of prime importance to those who will be engaged in the handling of 
alleged radiation injury compensation claims. Section 8, dealing with 
personnel monitoring and radiation surveys, is intended not only to 
protect workers against radiation, but also to establish the amount of 
radiation to which a worker has been exposed. Section 9 prescribes 
the radiation exposure records which must be kept of all of the meas- 
that tbe Oomumiaion tay "=" * with the consent ef tn agueny. comsmemad, Sidiooet ecopiig ten oar 
ices * * * of any Government agency or any State or local government, or voluntary or uncompensated 
Perrone ped en ebm “Of payee ee Sheen aad Federal cooperation in this field, see 


Krebs and Hamilton, ‘The Role of the States in Atomic Development,” 21 Law and Contemporary 
Problems 182, 196-204 (1956). 
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urements required under section 8. From these records, if properly 
kept and preserved by a Commission licensee or other employer with a 
radiation hazard, it will be possible to determine whether an individual 
has been in the vicinity of a radiation-producing source, and, if so, 
the approximate amount of radiation to which he has been exposed. 
Because persons skilled in the nuclear arts, as well as many other 
workers, will in the course of their working lives work at a number of 
nuclear facilities, it is imperative that these records be kept, that they 
be accurate, and that they be preserved. Moreover, because of the 
mobility of nuclear workers, it is desirable that such records be uniform 
throughout the country and even throughout the world. The impor- 
tance of these records, first from a safety standpoint and second for 
use by both plaintiffs and defendants in claimed radiation injury 
cases, is so obvious that the point need not be labored further. One of 
the chief tasks of those civil authorities charged with enforcing radia- 
tion safety regulations is to see that the records required by applicable 
regulations are kept and preserved. 

Atomic Energy Commission installations, whether operated di- 
rectly by the Commission or by Commission contractors, have a 
remarkable safety record. Only a few persons have suffered radia- 
tion injury from exposure at or from such installations. The Com- 
mission, which admittedly has almost unlimited funds at its disposal 
and which does not have to operate at a profit, has spared no expense 
to create safe working conditions, to establish adequate safety pro- 
cedures and to see that those procedures are carried out. A private 
business or research organization, faced with the necessity of operating 
on a limited budget, may well be tempted to skimp, in one way or 
another, on the necessary safety measures and procedures. Purely 
from the standpoint of dollars and cents, no private organization can 
afford to give in to that temptation. The cost of carelessness in deal- 
ing with radiation sources is greater than the cost of safety. 

Since the close of the war in 1945 much has been done to improve 
the lot of a worker who suffers an occupational disease. A study of 
the exhibits attached to the copies of this paper available for distribu- 
tion makes clear that much remains to be done before a workman 
suffering from an occupational disease has, in every jurisdiction, the 
plain, sure, speedy remedy available to one who has suffered a trau- 
matic injury. Exhibits A, B, and C show that legislation by 20 
States is necessary to make every occupational disease compensable 
in all of our compensation jurisdictions. Exhibits D and E show that 
legislation by 29 States is required to remove from their workmen’s 
compensation laws unrealistic limitations on the time within which 
an occupational disease must become manifest to be compensable. 
Exhibit F shows that legislation by 23 jurisdictions is necessary to 
provide, in every U.S. compensation jurisdiction, medical benefits 
sufficient to cure and relieve and restore to work ability a workman 
suffering from a serious occupational disease. Exhibit G shows that 
41 States have yet to adopt modern radiation safety codes. To one 
not familiar with the occupational disease legislation of the last 25 
years, the task outlined above seems indeed herculean and perhaps 
impossible of accomplishment. 
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To one familiar with the progress made by State legislation in the 
occupational disease field in the last 25 years, the task before us seems 
almost easy. As late as 1936 the laws of only 16 of our States pro- 
vided compensation benefits for occupational disease. Of these, seven 
had a restricted schedule. Of those schedules three did not inelude 
any radiation injury. Today the compensation laws of 45 States 
include provisions for occupational disease. Of those 45, 28 make 
every occupational disease compensable. To those of us who believe 
that occupational disease problems will and can be best solved by 
action by the States, the accomplishments of the last 25 years are an 
earnest for the future and should encourage those interested to re- 
double their efforts to secure appropriate State action where necessary. 
It is also urged that the increasing use of nuclear energy by private 
industry has created an emergency which must be dealt with immedi- 
ately and that immediate action can be secured only by resort to the 
Federal Congress. 1 submit there is no such emergency. In every 
jurisdiction an injury caused by an exposure to an excessive amount 
of radiation will be apparent within a short time and will be regarded 
as an injury by accident and hence compensable. It will be several 
years at least before delayed emergency injuries from today’s ex- 
posures present a problem. There is ample time for careful and 
intelligent study by those interested of the problems arising from the 
increasing use of nuclear energy, and for appropriate action by State 
legislatures. The desired objectives can be attained by intelligent 
cooperation between each State government, its private industry, 
insurance carriers including State compensation funds, compensation 
administrators and labor, and this without turning over to the Fed- 
eral Government still another segment of the powers of our several 
States. I will, however, sound a note of warning. These objectives 
cannot and will not be attained by State action unless every agency 
interested, public and private, recognizes and meets its reqponsibllities. 
In closing, I wish to record my appreciation of the assistance given 
me in the preparation of this paper by my associates, John K. Dane, 
Esq., and S. J. MacLellan, Esq. 
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Exuisit A—Jvurispictions (31) WHost WorkKMEN’s COMPENSATION LAws 
Provipe CoveRAGE FoR ALL OccUPATIONAL DISEASES 


Alaska Michigan 2 Rhode Island 
California Minnesota ? South Carolina ! * 
Connecticut 3 Missouri ! (Tennessee *) 
Delaware Nebraska ! Utah 2 

Florida ! Nevada ? Virginia * 
Hawaii New Jersey ! Washington 
Illinois 2 New York 2 West Virginia ! ? 
Indiana ! 2 North Dakota Wisconsin ! 
Kentucky ! ? Ohio 2 United States 5 
Maryland ? Oregon ! 2 

Massachusetts Pennsylvania ! 2 


1 Jurisdictions (11) in which acceptance of workmen’s compensation coverage is elective for subject private 
employers: Connecticut, Florida, Nebraska, New Jersey, Oregon, Pennsylvania, South Oarolina, West 
Virginia. Election, including both traumatic injury and occupational disease coverage, is presumed in the 
absence of statutory rejection. Kentucky: Affirmative election, including both traumatic injury and 
occupational disease coverage, is required. Indiana and Missouri: Affirmative election separate from that 
for traumatic injury coverage is required for coverage of occupational diseases. 

2 Jurisdictions (15) with special provisions for silicosis or asbestosis or other dust diseases. 

3 Tennessee: Workmen’s compensation coverage is elective but employer’s election, including both trau- 
matic injury and occupational disease, is presumed in absence of statutory rejection. Scheduled disease 
aomege included in such election may be rejected if broad occupational disease coverage elected in lieu 

ereof. 

4 Virginia: Workmen’s compensation coverage of both traumatic injury and occupational disease is com- 
pubory (acceptance of law conclusively presumed) when private employer has 7 or more employees, but 

ull occupational disease coverage may be rejected if in lien thereof scheduled disease coverage elected. 
Oot Lana dg Employees’ Compensation Act, Longshoremen’s and Harbor Workers’ Act, and District of 
um 
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Exuisit B.—Jurisdictions (19) whose workmen’s compensation laws provide 
coverage only for listed oecupational diseases 





Jurisdictions Occupational Radiation injuries specified in schedule 
| diseases ! 





Occupational | None. 
pneumono- | 







Alabama ?_........-...-. 








Arizona 23___...... wareahell 36 listed_.....-. Ulceration of the skin or destruction of tissue due to the pro- 
longed exposure to roentgenrays or radium emanations. 

Arkansas 3_____.- intact 38 listed #____.- ——— condition caused by exposure to X-rays or radioactive 

substances. 

Colorado ?3____....-.-... 25 listed......- Poisoning or disease caused by exposure to radioactive materials, 

| substances, or machines, or fissionable materials. 

Georgia 2 3__..........-.- op cenlniitin weaver Diseased condition caused by exposure to X-rays or radioactive 
substances. 

BG  cicrnicncncntes 11 listed_.....-. Radium poisoning by or disability due to radioactive properties 

| _ of substances or to roentgenray (X-ray). 

TOWE Foc cccaccess SLES 16 listed....... None, 

NN FR 5 in beasnccuins 32 listed _...... Diseased condition caused by exposure to X-rays or radioactive 
substances, 

ON ETE 22 listed_...... Do. 

Motne 8 Qi s.u2. eile 16 listed__...._ None. 

New Hampshire_-_....._- 5 listed ....... None, 

New Mexico ?#__._....... 32 listed_.....- All diseases directly traceable to fissionable materials or radio- 
active materials including ulceration of the skin or destruc- 
tion of tissue due to prolonged exposure to roentgen rays or 
radium emanations. 

North Carolina ? 3_.__._. 27 listed_...... Radium poisoning or injury by X-rays. 

Oklahoma ?........-..... 42 listed......- Diseased condition caused by exposure to X-rays or radioactive 
substances; known diseases directly traceable to fissionable 
materials or radioactive materials. 

Puerto Rico......--...-.- 20 listed 4...... Poisoning from industrial use of radium or other radioactive 
substances in luminous paints. 

South Dakota ?3_.....-- 25 listed_.....- Ulceration of the skin or destruction of tissue due to the pro- 
longed exposure to roentgen rays or radium emanations. 

Tennessee §2__..........- 9 listed.......- one. 

Demahsj.sd. ts oe d.§ 46 listed__....- Diseased condition caused by exposure to X-rays or radioactive 
substances. 

Vermont °9..........-. 19 listed... .-.- Do. 

(Virginia) $...........-.- 16 listed__..... Radium disability or disability due to exposure to radioactive 


substances and X-ray. 


1 Numbers indicate itemization or subdivisions of diseases or groups of diseases as found in the various 
laws. Enumeration or grouping of diseases and classes of diseases is not uniform among the States. 

2 Jurisdictions (14) in which acceptance of workmen’s compensation coverage is elective for subject private 
employers: Georgia, Iowa, Kansas, Louisiana, New Mexico, North Carolina, South Dakota, Tennessee, 
Vermont—employer’s single election, including both traumatic injuries and occupational diseases, is pre- 
sumed in absence of statutory rejection. Alabama, Arizona, Colorado—provision is made for separate 
election of compensation coverage for occupational diseases, apart from coverage for traumatic injuries, but 
separate election presumed in absence of statutory rejection. Maine and Texas—aflirmative election 
required which includes coverage for both traumatic injuries and occupational diseases. 

§ Jurisdictions (14) with special provisions for silicosis or asbestosis or other dust diseases. 

4 Arkansas: Commission is empowered to extend schedule after public hearing. 

‘ Puerto Rico: Manager of State fund is empowered to extend schedule with approval of Secretary of Labor. 

5 Tennessee: Workmen’s compensation coverage is elective but employer’s election, including both trau- 
matic injury and occupational disease, is presumed in absence of statutory rejection. Scheduled disease 
— included in such election may be rejected if broad occupational disease coverage elected in lieu 
thereof. 

* Virginia: Workmen’s compensation coverage of both traumatic injury and disease is compulsory (ac- 
ceptance of law conclusively presumed) when private employer has 7 or more employees, but full occupa- 
tional disease coverage may be re if in lieu thereof scheduled disease coverage elected. 


Note.—Comment on specification of radiation injuries: To provide clearly for coverage of all radiation 
injuries the definition or s) cation of radiation diseases within a schedule should be at least as accurate 
and as comprehensive as that of New York, viz: 

“Radium poisoning or disability due to radioactive properties of substances or to roentgen rays (X-rays) 


or exposure to ionizing radiation” (sec. 3 (2) par. 20). [Italic indicates important addition by 1957 amendment. 
Note also the broad definition in Co o schedule, 
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Exurpit C.—Jurispictions (3) WHosE WORKMEN’S COMPENSATION Laws Pro- 
vipE No CovErRaGE FOR OCCUPATIONAL DISEASES 


Mississippi: No provisions for occupational diseases. 

Montana: Occupational diseases are excluded, except as injuries resulting from 
fortuitous event, as distinguished from contraction of disease. (Separate public 
welfare enactment provides benefits for silicosis.) 

Wyoming: Occupational diseases are excluded, except such as directly result 


from injury. 


Exursit D.—Jurisdictions (20) whose workmen’s compensation laws have no special 
limitations on time within which disablement or manifestation must occur for occu- 
pational disease to be compensable 


Jurisdiction 


Alaska 


California. -.-.......-.. 


Florida 


Hawaii 


Kentucky ! 


Louisiana 


| Limitations on filing of claim and on oc- 


| 2 


1 


2 


Massachusetts_....._! 6 


Michigan ! 


Missouri. ........---| 


| 


| 6 





currence of death in occupational dis- 
ease cases 


years after injury or death 


year from date of injury or last pay- 
ment of disability or medical benefits. 
Death—within 1 year from date of | 
death or date of last compensation 
benefit but not more than 240 weeks 
from date of injury or 1 year after 
death. 


years after injury or death or last pay- 
ment of compensation. Death must 
result within 350 weeks after last expo- 
sure and must follow continuous dis- 
ability from disease. 

year after injury or death, but in no 
event later than 5 years after accident 
or occurrence of injury. 

year after last injurious exposure, first 
distinct manifestation of disease or 
suspension of compensation payments, 
whichever occurs last. 1 year after 
death. Death must occur within 
1 year of last injurious exposure or 
first distinct manifestation, or within 
10 years from date of disability if dis- 
ability continuous. 

months after date of contraction or 
first manifestation. 6 months after 
death. If employee in employment 
less than 1 year, disease presumed 
nonoccupational. Death must result 
within 2 years of disablement. 
months after occurrence of injury or 
death. Delay may be excused for 
reasonable cause or lack of prejudice 
to insurer. 





months after injury or death or cessa- 
tion of physical or mental incapacity. 
Within 3 years of injury and within 3 
months after disability develops or is 
apparent, if injury latent or disable- 
ment delayed for 6 months and em- 
ployer has notice or knowledge of 
injury. 


| 
year after injury or death or date of 
last payment if compensation has been | 
awarded. Death must occur within 
300 weeks after accident. 


See footnote at end of table, p. 200. 


Time when limitation period begins 
to run 


No case found construing ‘‘date of injury”’ 
in occupational disease cases. 

‘Date of injury” is that date upon which 
the employee first suffered disability 
and either knew, or in the exercise of 
reasonable diligence should have 
known, that said disability was caused 
by present or prior employment (sec. 
5412). Disability occurs when diseased 
condition culminates in incapacity to 
work (Globe Indem. Co. v. Ind. Comm. 
ned 125 Cal. App. 2d 763, 271 P. 2d 

“Disablement”’ means event of becoming 
incapacitated from performing work 
(sec. 440.151(3)) and is to be treated as 
happening of injury by accident (sec. 
440.151(1) (a). 

Limitation period runs only from time 
of accrual of disability (Jn re Palama 
(1937) 34 Haw. 65). 

Limitation periods run from date of last 
injurious exposure, date of suspension 
of compensation payments, date diag- 
nosis of such disease is first communi- 
cated, or first experience of distinct 
manifestation ‘‘in the form of symp- 
toms reasonably sufficient to apprise 
(employee) that he has contracted dis- 
ease’’ (sec. 342.316 (2) and (3)). 

Limitation period does not begin until 
employee aware that disease is related 
to employment (Frisby v. International 
a Go. (1954) (La. app.) 76 So. 2d 

1). 


Time of injury is the time when disease 
is manifest and incapacitates employee 
for work (cf. Bergeron’s case (1923) 243 
Mass, 366, 137 N.E. 739; Wheaton’s 
HY (1942) 310 Mass, 504, 38 N.E. 2d 
DLi). 

“Disablement”’ means event of becoming 
disabled from earning full wages at the 
work where last subjected to conditions 
resulting in disability and is to be 
treated as happening of personal 
injury (secs. 1, 2, pt. VII). Date of 
disablement is such date as Board may 
determine. Limitation period after 
disablement construed to mean period 
after knowledge of disability (Finch v. 
Ford Motor Co. (1948) 321 Mich. 469, 
32 N.W. 2d 712). 

Limitation period for disease runs from 
time compensable injury becomes 
reasonably discoverable and apparent 
(Ford v. American Brake Shee Co. 
(1952), Mo. App. 252 S.W. 2d 649; 
Renfro v. Pittsburgh Glass Co. (1939) 
(Mo. app.), 130 S.W. 2d 165). 
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Jurisdiction 






New Hampshire---.- 


North Carolina !___. 


North Dakota-__..-- 


Oklahoma !_......-- 


Rhode Island_......- 


Tennessee. .......-.- 


Mie. 2a won dee 





Washington 





West Virginia ! 


| 1 year after injury or death. 


Exutsit D.—Jurisdictions (20) whose workmen’s compensation laws have no:special 
limitations on time within which disablement or manifestation must occur for occu- 
pational disease to be compensable—Continued 


Limitations on filing of claim and on oc- 
currence of death in occupational dis- 
ease cases 


Proceedings for compensation barred 
unless required notice of injury has 
been given employer within 1 year of 
date of accident. Notice is required 
to be given as soon as practicable after 
injury; before leaving employment 
and within 90 days of accident or 
within 90 days of death, removal of 
incapacity, or last payment of weekly 
compensation. 

1 year after death or disability. Death 
must occur within 2 years after dis- 
ablement or within 6 years if follows 
continuous total disability. 


60 days after date of injury or death; de- 
lay excusable for reasonable cause if 
made within 1 year after injury or 
death. Death must result within 6 
years of injury and within 1 year of 
cessation of disability; if no disability, 
within 1 year after date of injury. 


_ 


year after injury, death, or last pay- 
ment of compensation. Death must 
occur within 2 years (5 years if follows 
continuous disability) of date of acci- 
dent. 


2 years after disablement or death 





_ 


year after beginning of incapacity or 
death. Death must occur before dis- 
ability claim is barred. 


— 


year after death or first distinct mani- 
festation or diagnosis of disease. 
Death must occur within 1 year of 
first distinct manifestation or diag- 
nosis of disease. 


occupational disease from a physician. 


Death 
must result within 6 years from last | 


1 year following the date of notice of 
| 
injurious exposure. | 


| 
| 


See footnote at end of table, p. 200 
84434—59- 
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Time when limitation period begins 
to run 





First date of treatment by a licensed 
physician to be taken as the date of 
injury for occupational disease (secs. 
281: 2, 281: 17). 


“Disability” means incapacity. to earn, 
in same or other employment, the 
wages received at time of injury and 
shall be treated as happening of injury 
by accident. Limitation period for 
claim for disease begins to run from 
time of advice by competent physician 
of existence of disease (sec. 97-58. Hus- 
kins v. United Feldspar Corp. (1954) 241 
N.C. 128, 84 S.E. 2d 645). 

“Injury” includes “‘any disease which 
can be fairly traceable to the employ- 
ment” (sec. 65-0102 (8) and (9). No 
case found on when “‘disease’’ occurs; 
but for injury, limitation period runs 
from date of accident when injury re- 
ceived, not from date of manifestation 
(Bjerseth v. N.D. Workmen’s Comp. 
Bureau (1932) 66 N.Dak. 623, 244 N.W. 
515 


“Injury” means occupational disease as 
defined. Limitation period for claims 
runs from date of injury unless tolled 
by compensation payments; running 
of period is not postponed to date 
disability becomes apparent (Tulsa 
Hotel v. Sparks (1948) 200 Okl. 636, 
198 P. 2d 652 (leading case); Caquette 
v. American Airlines (1954) (Okl.) 
276 P. 2d 754). 

“Date of disablement’? determined by 
commission on hearing (sec. 6, art. 
VIID. Date of contraction expressly 
declared not to be limiting factor 
(see. 4, art. VIII). Limitation period 
runs from date of accrual of action, 
viz., when employee incapacitated 
from earning full wages for at least 
3 days (Rosa v. George A. Fuller Co. 
(1948) R.I., 60 A. 2d 150). 

Limitation period runs from date of dis- 
covery or diagnosis of compensable 
disease (Wilson v. Van Buren County 
(1954) Tenn. 268 S.W. 2d 263. Cf. 
Griffitts v. Humphrey (1956)__ Tenn._, 
288 S.W. 2d 1). 

Limitation period runs from time of 
known diagnosis or of first experience 
of distinct manifestation of symptoms 
reasonably sufficient to apprise em- 
ployee of disease, (sec. 65-49), unless 
employee mentally incapacitated and 
without guardian (sec. 65-76). Cf. 
Winston v. City of Richmond, 1954, 196 
Va. 403. 83 S.E. 2d 728). 

Limitation period (sec. 51.08.140) does 
not run until employee has notice of 
disease and of its causal relationship to 
employment (Williams v. Dept. of 
Labor and Industries (1954) 45 Wash. 
574, 277 P. (2d) 338. See also Nygaard 
v. Dept. of Lab. and Ind. (1958) — 
Wash, —, 321 P. 2d 257). 

No cases found construing date of injury 
in disease cases. (For purpose of de- 


termining wage basis on which to com- 
pute benefits in disease cases “date of 
injury” is “date of last exposure.” 
Sec. 2539.) 
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Exuisit D.—Jurisdictions (20) whose workmen’s compensation laws have no special 
limitations on time within which disablement or manifestation must occur for occu- 


pational disease to be compensable—Continued 


Limitations on filing of claim and on oc- 


Jurisdiction currence of death in occupational dis- 


ease Cases 


United States: Fed- 
eral Employees’ 
Compensation 
Act. 


60 days after injury; 1 year after death. 
Delay up to 1 year excusable for reason- 
able cause in disability claims. De- 
lay up to 5 years after injury or death 
may be waived if due to circumstances 
beyond control of claimant. 

year after injury or death or last pay- 
ment. 


Longshoremen’s 
and Harbor 
Workers’ Act and 
District of Co- | 
lumbia. 


1 


Time when limitation period begins 
to run 


| 
The term “‘injury’’ includes any disease 
prosematey caused by employment (5 
.8.C.A. 790). : 


“Injury” means compensable injury, and 
in disease cases limitation runs from 
date of manifestation of disease (7Yav- 
elers Ins. Co. v. Cardillo (1955) 
C.A.N.Y., 225 F. 2d 137, cert den. 76 
8. Ct., 196, 350 U.S. 913). 4 


1 Jurisdictions with special limitations, not stated herein, for silicosis or asbestosis or other dust diseases, 
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1 Jurisdictions with special limitations, not stated herein, for silicosis or asbestosis Of Oe Se 
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Exursit F.—Jurisdictions (17) whose workmen’s compensation laws provide only 
limited medical eens = jor occupational diseases 


Limitations 


Jurisdiction Additional benefit which administrative 


agency is authorized to provide 





ree 


Such additional time and amount (u > $375) 
a tend to lessen disability 
Longer period in extreme cases. 


asses Ege 


883388 838s 


Such further care as will result in restoring 
earning to a substantial degree. 
coi apslp codices Adele Such additional time as will tend to lessen 
period of disability. 


$641.68 in special cases of prolonged hospitali- 
zation. 


pores 
S #38 
S #38 


Ste ieen dabees 10 months (i. e., up to 1 total period). 
$800 for vocational rehabilitation in exceptional 
cases of permanent disability. 


; 
s 


1 Covers only “occupational tob are provided fort as defined. 
3 Medical benefits up to $1,000 are provided for total disability from any disease in schedule; medical bene- 
fits up to $500 are vided for Full 


disability from certain of the diseases in schedule. 
coverage is provided for traumatic 


uries. 
3 No compensation payable for artial disability from disease; limitation period of 6 months additionally 
applies in traumatic i cases. 


jury 
4 $500 for medical and surgical services; $1,000 for hospital services and supplies. 
§ Special medical limitation applies to silicosis 


6 $450 for medical and surgical services, medicines and moet plus hospital treatment, services, and 
supplies and orthopedic appliances and prostheses for 6 mont 

7 for medical and surgical services; $700 for hospital service. 

8 Provided only for total disablement frem disease. Full medical provided for traumatic injuries. 

® Provided only for total disablement from disease. Special medical limitation for silicosis. 

© There are 12 jurisdictions whose workmen’s com oe laws have special medical limitations for 
silicosis or asbestosis or other dust disease cases: Alabama, Arkansas, Colorado, Illinois, Kansas, Maine, 
Nevada, North Carolina, Ohio, Texas, Vermont, West Virginia. 


Note.—There are 33 jurisdictions whose workmen’s compensation laws provide full medical coverage 
for compensable traumatic injuries and occupational diseases (some excepted; see e.g., note 10 
above) either by specifying full coverage (California, Connecticut, Delaware, Hawaii, Idaho, Illinois, Massa- 
chusetts, Minnesota, Nebraska, New York, North Dakota, Puerto 1 Rico, Texas, Washington, Wisconsin, 
United States.—Federal Employees’ Compensation Act us Cargo and Longshoremen’s and 
Harbor Workers’ Compensation Acts) or by authorizing cministretive agency to provide benefits or addi- 
tional benefits without restriction (Arkansas, Florida, Indiana, Maine, Maryland, Michigan, Missouri, 
Nevada, New nd New Jersey, New Mexico, "North Carolina, ‘Ohio, Oklahoma, Oregon, Rhode 
Island). Note that in Idaho and Nevada only total disability from disease is compensable. 

Of the jurisdictions without occupational disease coverage in their workmen’s comapeneadic laws, Missis- 
sippi specifies full medical coverage, Wyoming authorizes the court to allow necessary nemgeveation bene- 
fits (in addition to stated amounts of initial benefits) for additional 6-month periods, Montana provides 


for basic medical benefits for 36 months or up to $2,500, with additional benefits authorized for hospitaliza- 
tion in total disability cases. 


Exutisit G. State RApDIATION PROTECTION REGULATIONS 


1. States with strong radiation codes: California, Massachusetts, Michigan, 
New York, Pennsylvania, Texas. 

2. States with some radiation protection statutes or regulations which do not 
meet the standards recommended by the National Committee on Radiation 
Protection: 

(a) The following States have a radiation protection code under considera- 
tion: Arizona, Kansas, Maine, Minnesota, South Carolina, Virginia. 

(b) The following States require eta We of all radiation sources: 
Illinois, North Dakota, South Dakota, Utah, Wyoming. 

Nore.—Section 5 of the model act for radiation protection, suggested by 
the National Committee on Radiation Protection, requires the registration 
with a State agency of every radiation source. 

(c) States whose statutes or regulations do not require the registration of 
all radiation sources: Arkansas, Colorado, Connecticut, Delaware, Florida, 
Georgia, Indiana, Kentucky, Mississip , New Ham hire, New Jersey, New 
Mexico, Ohio, Oregon, Rhode foo ennessee, est Virginia, Wisconsin. 
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3. States with no effective regulation of radiation sources: Alabama, Idaho, 
Iowa, Louisiana, Maryland, Missouri, Montana, Nebraska, Nevada, North 
Carolina, Oklahoma, Vermont, Washington. 


PART IV 


ADDRESS AT AFL-CIO CONFERENCE ON WORKMEN’S COM- 
PENSATION, APRIL 15, 1959, ON RADIATION AND WORK- 
MEN’S COMPENSATION, BY A. J. BIEMILLER, DIRECTOR, 
LEGISLATIVE DEPARTMENT, AFL-CIO 


This conference is pinpointing the deficiencies in workmen’s com- 
pensation legislation and high on the list of shortcomings is the failure 
of the compensation systems to adapt to new hazards and new needs. 
Foremost among the new industrial hazards posing new problems is 
atomic radiation. 

Most of us are only distantly aware of this strange new hazard 
because we haven’t come into direct contact with it. Time after time 
I have run into the question: Why are you labor people concerned 
about this radiation business? And in discussing this question, I 
have encountered many comments reflecting a widespread lack of 
understanding of the scope and nature of radiation hazards. 

I would like this afternoon to discuss some of these common mis- 
impressions and to set on the table some of the basic facts which 
explain why we should be deeply concerned with compensation 
inadequacy in this field. 

The first misimpression is that atomic activity is nearly all military 
activity and that, except for a few nuclear power reactors and some 
medical uses, there simply is not much radiation to be concerned about 
in industry today. This statement could have held true a decade ago. 
But today radiation is no longer a limited, isolated hazard confined 
to some hidden atomic installations. It is now—not tomorrow, but 
now—already a commonplace industrial tool with its use spreading 
rapidly and widely. 

Not all uses are equally hazardous, of course, and in most uses only 
a handful of men are normally subject to exposure, but nevertheless 
the possibility of exposure to harmful radiation now exists in literally 
thousands upon thousands of industrial operations, and in other 
thousands of nonindustrial operations which also employ many workers. 

When speaking of atomic energy most of us immediately think of 
nuclear powerplants, the most dramatic and most publicized area of 
growth. Such powerplants and supplier operations providing the 
nuclear materials, present the most serious radiation safety questions 
and involve the largest concentrations of workers. But radiation uses 
range far into other fields. 

Industry is using radiation in everyday operations for measurement, 
for inspection, and for product control purposes, and for changing the 
characteristics of various materials. There are also the huge number 
of medical, agricultural, and research applications, and the expanding 
activity in transportation of radioactive materials. 

The statistics are limited, but we can consider several of them: (1) 
On nuclear reactors, there are only two atomic powerplants now func- 
tioning, but the number of veheareh and experimental reactors has been 











RADIATION HAZARDS AND WORKMEN’S COMPENSATION 207 


mushrooming. At the end of last year there were already over 150 
different civilian reactors in operation or construction in this country. 

(2) More striking is the growth in industrial use of isotopes of suffi- 
cient radioactivity to require a license from the Atomic Energy 
Commission. 

Of the 500 largest industrial corporations in the United States 
today, 250—fully half—already use radioisotopes for various purposes. 

(3) All told, more than 1,200 industrial firms are now licensed to 
use radioisotopes. Many use several isotopes and in different loca- 
tions, so that the number of applications run way up im the thousands. 

There are also over 2,000 licensed nonindustrial users, including 
universities, hospitals, laboratories and others whose employees are 
also subject to workmen’s compensation. 

(4) In the first 11 months of 1957 alone, licenses were issued to 612 
new industrial users and over 900 other users. 

(5) In addition, most users now use considerably larger quantities 
of radioactive material than earlier. Total shipments of radioisotopes 
by the AEC last year almost equaled—it was well over 70 percent 
of—the grand total shipped in all the 10 preceding years put together. 

(6) One more statistic. The users are not in one or a few areas 
but all over the country. As a matter of fact, there are licensed 
users in every State. In 42 States, the District of Columbia and 
Hawaii, there are more than 10 users each. In 31 States there are 
over 25 users each and in 9 States there are already over 100: users 
of radioactive isotopes. 

I cite these numbers to demonstrate that radiation is already a 
current and not merely a future occupational hazard. 

But the mere fact that radiation exposure for workers is now so 
widespread a possibility does not in itself satisfy many people that 
special legislative treatment is necessary. There is an awareness that 
radiation is an unusual, a peculiar hazard. There is a good deab of 
fear about it, but the full extent of some of its peculiarities is not 
adequately appreciated. 

Let me list some of the features of radiation which explain why it 
is in a distinct hazard class by itself, why it requires special safety 
measures and special workmen’s compensation treatment. Some 
other hazards share one or several of its features, but none approach 
radiation’s unique combination of major peculiarities. 

First, a man can be exposed to a harmful dose of radiation and not 
be at all aware of it. Radiation cannot be seen, it cannot be heard 
and it cannot be felt. Because the hazard cannot be detected by 
man’s senses, the risk often cannot be avoided merely by reasonable 
care as in the case of most occupational hazards. 

Second, there are actually many different forms of radiation hazard. 
There are different types of radiation, each with different penetrating 
power and different effects. Materials contaminated by radiation 
present further problems. External radiation involves difficulties 
quite ae than the threat of internal absorption of radioactive 
particles. 

Third, it is not clear/how much is harmful. Scientists have recom- 
mended certain exposure limits, but they generally acknowledge that 
there is no clear-cut dividing line between safety and ill effects and 
that the only truly safe rule is the less radiation the better. » 
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There are other complications or exposure limits. Some people are 
apparently more radiosensitive than others. Also, different parts of 
the body have different sensitivity. -A large dose for the less sensitive 
parts may carry little danger in comparison to a smaller dose to the 
entire body or particularly sensitive organs. 

Fourth, and now we get to some of the most perplexing aspects, 
radiation has a cumulative effect. The amount absorbed at any one 
time may not in itself be dangerous, but may prove seriously damaging 
in combination with earlier exposure, even though separate exposures 
may be years apart. 

It is the total amount accumulated over the years that counts. 
There is apparently little recovery and there are no fresh starts. 
Whenever a worker absorbs any radiation, he reduces permanently 
the dosage to which he may be safely exposed in the future. 

Finally, the harmful effects take many forms. Scientists do not yet 
know the full story of effects of radiation on human beings. A huge 
dose at one time does have certain quickly evident injurious effects, 
but smaller or long-continued exposure may have varied effects, and 
this is where many difficulties arise. 

For one thing, and this is extremely important, injury may not be 
immediately apparent. The reaction may be long delayed, with dam- 
age not developing noticeably until years after the decisive exposure. 
In some instances radiation effects have remained latent for as long 
as 25 or 30 years before emerging. 

Even more troublesome, the ill effects of radiation may never become 
apparent or measurable even though they are quite real. Overex- 
posure may produce, not an identifiable radiation disease, but rather 
increased susceptibility to various fairly common diseases, most 
notably leukemia and other cancers. In any one individual it may 
not be possible with the medical knowledge now at hand to determine 
if leukemia, for example, was radiation induced or due to other causes. 

Radiation also contributes to a shortening of the lifespan. Extensive 
tests on animals reveal an aging effect on living tissue and weakened 
resistance to disease which brings on death earlier than usual. In 
other words, the average worker who absorbs a good deal of radiation 
may have no evident ill effects and ultimately will die from the same 
ailments as other persons—only sooner. 

Beyond this, there is also a threat of genetic damage, an affect not 
on the worker alone but on his offspring. Radiation affecting the 
reproductive cells might mean sterility or, if an affected worker can 
have children, his descendants might be adversely effected. 

A news story in this weekends papers, while not bearing directly 
on occupational hazards, dramatically illustrated the devious effects 
of radiation and the type of new knowledge being uncovered daily on 
what radiation does to human beings. e story reported results of 
a study of children of mothers exposed to radiation from X-ray diag- 
noses during pregnancy. These children had twice as much leukemia 
and a higher rate of other malignancies than children of mothers who 
had no radiation doses during pregnancy. 

Thus far we have, as far as we know, been rather fortunate in our 
industrial radiation injury experience. We have had what appears 
to be a good safety record, not because radiation is safe to work with, 
but because exceptional safety steps have been taken; because under 
close Government direction knowledgeable specialists have been used, 





me 


her 
Lost 
nay 
Line 
ses. 
sive 
ned 

In 
tion 
ame 


not 
the 
can 


tly 
‘ects 
y on 
ts of 
liag- 
2m1a 
who 


| our 
vith, 


nder 


ised, 


RADIATION HAZARDS AND WORKMEN’S COMPENSATION 2()9 


necessary safety precautions have been observed and radiation contro] 
devices have been given top priority. Safety, not economy or finan- 
cial factors, has been the guiding consideration thus far. 

But the fact of a laudable record to date breeds an unwarranted 
sense of security. As civilian uses of atomic energy expand, poten- 
tially dangerous radioactive materials may be supervised by persons 
less familiar with the hazards, persons neither as alert to the hazards 
or as competent to control them, persons more concerned with economy 
than with maximum protection for workers. 

So we run the risk of an increasing number of radiation injuries. 
This is why we insist on scrupulous enforcement of all necessary 
radiation safety standards. This is why we oppose any relaxation in 
the present Federal system of atomic safety controls and why we 
oppose any relinquishing of the existing Federal responsibility in this 
field to the States. And it is why we seek the development of work- 
men’s compensation legislation adequate to meet the special needs 
presented by radiation cases. 

Our concern does not rest simply on anticipation of a rush of 
radiation afenea however. Our concern is probably greater than 
the potential number of injuries alone might warrant. 

We fear simply that (a) if a number of radiation incidents were to 
occur, or (6) if it were suddenly discovered that the continued low- 
level exposure received by many workers, which we have assumed is 
safe, is actually injurious, or (c) if there were suddenly a major 
dramatic nuclear accident, we may have panic touched off and we 
may suffer a drastic loss of confidence of workers and the public in 
the wisdom and safety of atomic uses. 

The serious danger of loss of worker confidence is compounded if 
the worker is aware that compensation protection is nonexistant or 
inadequate in the event he should be hurt by radiation. 

Let me repeat: We need effective safety standards and adequate 
compensation legislation against radiation hazards to reassure workers 
in this field, to offset the potential damage of the occasional incident, 
to avoid a breakdown of worker confidence which could seriously 
disrupt and set back all peaceful atomic development. 

I trust we do not have to wait for catastrophe and tragedy as a 
motivating force for enactment of decent compensation protection. 
It is now more than 30 years since the first eruption of the famed 
radium poisoning of the young women who painted luminous dials 
on watches. Various States took account of this one limited type of 
radiation hazard only after its reality was so tragically demonstrated. 

Now a similar threat of major tragedy is ripe again. But this time 
we have ample forewarning and a substantial backlog of experience. 
Let us move to gain needed compensation legislation without waiting 
for tragedy to provide the spark for action. 

Unfortunately, except for some mild interest at gatherings of State 
workmen’s compensation officials and except for some limited gon 
taken by svar States, there is an abysmal record of failure on the 
part of the States to adjust their compensation laws to meet the 
peculiar problems and needs raised by radiation. 

I will not attempt here to provide a State-by-State rundown or any 
overall tabulation. Many of you have seen the general summary 
which Prof Earl Cheit presented at the AFL-CIO Conference on Radi- 
ation Hazards in February 1957. 
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Suffice to say that almost all the States fall short on at least one or 
two of even such elementary points as (a) assurance that radiation 
disease is covered, (b) a statute of limitations that allows for the long- 
delayed nature of some radiation effects, and (c) provision for full 
medical care for a worker suffering radiation il] effects. 

Practically no consideration has been given to the more complex 
problems such as those arising out of the difficulties of measuring 
radiation effects or of linking a specific injury to a specific exposure. 

In short, the States do not provide adequate coverage and are mov- 
ing slowly, or typically not at all, to meet the need. This is true 
despite a great burst of interest in many States in atomic activities. 

The interest is directed toward promoting or attracting atomic 
industry, however, and not to providing compensation protection. 

If thus far not a single State has developed fully desirable legisla- 
tion, how long would it be necessary to wait for all or any appreciable 
number to do so? 

This situation cried for separate special treatment at the Federal 
level as the only means of gaining necessary protection across the 
country in the reasonably near future. Actually, Federal action is 
peculiarly appropriate in this particular field, as already reflected in 
other Federal actions. 

Thus, there is a Federal safety program to meet the peculiar and 
specially hazardous nature of radiation. Observance of. Federal 
standards and a Federal license is required of all who wish to use 
certain radioactive materials or who wish to construct or operate a 
nuclear reactor. 

The Federal Government has also, in September 1957, enacted 
Federal public liability insurance for the nuclear reactor industry. 
This Federal indemnity program offers financial protection to indus- 
try against public claims arising out of an atomic accident. 

But there has been no corresponding Federal action to provide for 
the needs of injured workmen. In light of the continued reluctance 
and refusal of the States to furnish the needed protection, the Congress 
should not hold off any longer. 

The Joint Congressional Committee on Atomic Energy has planned 
hearings during the middle of June on this vital subject. We hope at 
that time to do our best to persuade the Congress that it must now 
move ahead to provide assurance of adequate compensation protection 
for all workers subject to radiation exposure. 


PART V 
WORKMEN’S COMPENSATION 


EXCERPT FROM SECTION V OF THE Report OF THE SPECIAL COMMITTEE 
on Atomic Enerey Law, PREPARED FOR THE ANNUAL MEETING 
or THE AMERICAN Bar AssociaTION, 1957 


One. of the most immediate problems confronting the lawyer in the 
atomic energy field arises in connection with workmen’s compensation 
laws. There can be no reasonable doubt but that these laws will 
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require a reexamination in the light of the peculiarities of radiation 
overexposure. It would seem to be altogether proper for the American 
Bar!Association Special Committee on Atomic Energy Law to initiate 
such reconsideration, either by recommending to the National Con- 
ference of Commissioners on Uniform State Laws that it take appro- 
priate action or, in the event the national conference does not desire 
to do so, by undertaking the preparation of a proper study of the 
we through some other means. The following is a catalog of some 
of the special problems that arise in this field. 

A. Definition of compensable injuries 

1. Meaning of “arising out of and in the course of employment.” 
Under typical interpretations these words limit recovery to accidents 
that occur during working hours and in usual places where work is 
carried on. Also, in some jurisdictions the manifestation of the injury 
must occur on the premises. 

Moreover, since manifestations of injury from overexposure to radia- 
tion almost always are delayed the phrase “‘in the course of employ- 
ment”’ involves problems. For example, would a worker who is 
allowed to obtain possession of radioactive material through ém- 
ployer’s negligence or during normal operations and then accidentally 
keeps it on his person overnight or for a week or month have been 
injured “in the course of employment’’? 

2. Meaning of “occupational disease,” especially in connection with 
chronic exposure. Some States provide no statutory coverage for 
occupational diseases. Others provide for specific radiation injuries 
so phrased as apparently to exclude those not listed. Still others may 
be interpreted as covering accidental overexposure of the acute type 
but not long continued less intense chronic overexposure. 

Manifestations of radiation injury are always delayed, and proof 
that a particular radiation exposure is the cause of a certain injury is 
often impossible because of natural background radiation and the 
cumulative effect of radiation overexposure, or because radiation 
injuries such as cancer, cataract, or sterility can also result from 
other causes. Yet statistics show chronic exposure is very likely to 
cause or to be a contributing factor in causing these injuries. There- 
fore, the question arises as to what action should be taken to cover 
adequately overexposure to radiation as a compensable injury? 

Assuming statutory coverage, the next question is what should be 
done to draw the line by legislative enactment or by administrative 
rulings between diseases unmistakably caused by occupational over- 
exposure to radiation and the same diseases caused by nonoccupa- 
tional overexposure or even’ nonradiation sources? Actual proof is 
difficult and some appropriate substitute in the form of statutory 
presumptions may become necessary. 

3. How should cumulative effects be handled? The delayed mani- 
festations of radiation injuries and the cumulative effect of over- 
exposure present difficulties when, for example, a worker shifts from 
one employer to another. 

Cumulative chronic exposure in different employments may cause 
manifestations in the last employment much out of proportion to the 
radiation overexposure there received. Or, manifestations from 
earlier overexposure may not show up until the worker is in a subse- 
quent employment and the radiation causing the particular injury 
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becomes impossible to identify. Or, without apparent manifestation 
of injury even though the employee has been subjected to chronic 
exposure in several employments, it may become necessary because 
of total radiation received to cease all future exposure. 

What changes in present statutory or administrative provisions 
should be made to take account of these and other similar matters? 
Should apportionment among employers be provided for? So-called 
second injury funds become of especial significance. 

4. How should radiation injuries causing no wage loss or diminu- 
tion of earning power be handled? Workmen’s Compensation and 
occupational disease statutes normally contain provisions limiting 
compensation to injuries that result in total or partial job disability. 
The test usually applied is (1) disability to use various parts of the 
body, such as hands, eyes, etc. in the same manner as before the acci- 
dent, or (2) loss of earning power in terms of physical ability to do 
the work possible before injury. States vary in the strictness of 
their wage loss test. Again it must be remembered that radiation 
overexposure is cumulative and manifestations may be long delayed, 
therefore at least delaying earning power loss. 

Again, a question arises as to whether or not certain serious in- 
juries such as sterility, or shortened life span (the effects of which 
would appear during the years of retirement), or genetic damage, 
none of which cause wage loss, should be compensable as occupa- 
tional injuries. Still again, what should be done to compensate for 
receiving total permissible dose of radiation and then later needing 
extensive,medical X-ray treatment or other exposure? 


B. Amount and types of awards for compensable injuries 


Radiation injuries are cumulative, magne ed in manifesting 


themselves, long-lasting in effect, and calling for unique skills in 
treatment frequently not readily available in most places. There- 
fore, attention should be given to the following questions: 

1. Are radiation injuries sufficiently unique to call for modifica- 
tion of cost limits and time limits on standard medical aid provisions? 

2. Should provision be made for availability of radiation specialists 
for all radiation injury cases? Should premanifestation treatment be 
required? . 

3. Are existing scales of benefits for accidental injuries fair as applied 
to radiation injuries? 

4. Are radiation injuries sufficiently unique and the number of 
specialists sufficiently small to call for special Federal action to 
handle radiation problems? 

5. What shéule be done for workers, technicians, and professionals 
who have had all the exposure they can stand for their lifetimes with- 
out incurring serious injuries, and who therefore will be unable to make 
further use of their special skills? 

6. Should vocational rehabilitation aimed at training these men in 
new skills of comparable value and prestige be one of the benefits of 
compensation awards for radiation injuries? 

7. What should be done about personnel who, after they have 
received their total lifetime allowance of radioactivity, can find equally 
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well-paid positions having no radiation hazards but who lose very 
important seniority rights as a result of change in employment? 
C. “Notice of injury” and “filing” requirements 

Statutes covering “injuries by accident” generally start the period 
for notice of injury and filing of claims as of the time of the “accident.” 
Under a few statutes notice may be delayed until the injury manifests 
itself. Certain statutes make exceptions for hidden or latent injuries. 
Some permit delay until the employee knows of the injury’s connec- 
tion with his occupation. “Occupational disease” clauses sometimes 
start the periods of limitation running at the time of the latest. in- 
ete exposure, while others commence when disability appears. 
Notice of injury provisions'run as short as 60 days and as long as 2 
years following cessation of employment. Some statutes contain over- 
all filing of claims limitations of from 1 to 5 years, whereas others set 
the limitation in terms of an elapsed period after the termination of 
employment. In some radiation injury situations all statutes will 
seemingly have too short periods of limitations to allow proper notices 
of injury and filing of claims by the injured worker. 

at should be done to make time Rmitations fair to the workers? 
If extended to unduly long periods, how can employers be protected 
against spurious claims, loss of evidence, effect of additional exposure 
from other sources which could aggravate or cause injury, etc.? Should 
routine examinations for possible evidence of radiation injury be 
required periodically as well as when the worker terminates his employ- 
ment? Should some central filing scheme be set up? 

The foregoing are some of the emerging workmen’s compensation 
questions and there is no question of their importance. Appropriate 
steps may well be taken to refer this matter to the National Conference 
of Commissioners on Uniform State Laws with a suggestion that it 
would seem to be an especially appropriate field within which to 
prepare a model act to guide State legislators. 

It has taken some years for private atomic industry to get underway, 
and, in fact, the principal impact of the new development is still around 
the corner. Yet the fe | problems are beginning to identify them- 
selves rather clearly. Your committee feels. that the coming year 
should mark an end of the period of watchful waiting and the begin- 
ning of definitive action. 

Respectfully submitted. 

Wiuram T. Gossert, 

Everett L. Hots, 

Hans A. Kiacssrunn, 

Crype O. Marrz, 

Paut W. McQutten, 

Cuartes R. Norsere, 

Casper W. Ooms, 

Oscar M. RvueEBHAUSEN, 

E. Biyrue Srason, 
Chairman. 
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PART VI 


EXTRACTS FROM “SUGGESTED STATE LEGISLATION— 
PROGRAM FOR 1959”—COUNCIL OF STATE GOVERNMENTS 


Aromic ENERGY AND RapIATION PROPOSAL 


* oK 8 os 7” 
(C) RADIATION PROTECTION 


There is general agreement among scientific authorities that workers 
and the general public must be protected against unnecessary radiation 
which may occur with the increasing use of radioactive sources. There 
has been less agreement, however, as to the kinds of regulation which 
should be employed and as to who should enforce them. 

The Conference on the States and Atomic Energy Development, 
in Chicago during May 1957, noted the fact that the activities in- 
volved here concern both the Federal and State Governments, since 
protection of the public health and safety is a major responsibility 
of the States. That conference concluded that ‘Sole authority in 
this area should not be vested in either level of government. * * * 
Cooperation between the States and the Federal Government in the 
development and enforcement of health and safety standards pertain- 
ing to the use of nuclear materials is essential.” 

The elements of desirable State radiation protective regulation are 
becoming much clearer as the fruits of extensive conference, discussion, 
and increasing experience. These might include the following: 

1. Statutory provisions adopted by States to regulate radiation 
exposure should be simple and minimal, leaving to administrative 
rules and regulation the establishment and enforcement of stand- 
ards. Flexibility, which can be achieved in this manner, is 
essential in light of our constantly expanding knowledge of the 
subject matter. 

2. Regulations adopted in each State should be in substantial 
conformity with nationally accepted standards, such as those 
developed by the National Committee on Radiation Protection 
and by the Atomic Energy Commission.’ 

3. The various fields of radiation hygiene and safety—irradi- 
ation of employees and others; pollution of air, water, and ground 
and the disposal of radioactive wastes; and transportation of 
radioactive materials—should be comprehended in regulations 
established, with advance review and coordination by the State 
coordinator of atomic energy development and study by the 
other agencies and departments affected. 

4. As a means of assuring that the various governmental 
agencies and levels of government concerned and the public, 
generally, may be informed as to the location and nature of 
radioactive sources, it appears desirable for the State to require 
that such sources should be registered in a manner not difficult 
of compliance and with appropriate exemptions for radioactive 
sources not presenting significant hazards. 

1 Copies of these stondards may be obtained from, respectively, the Naticnal Committee on Radiation 


Protection, Bureau of Standards, Department of Commerce, Washington 25, D.C., and the Division of 
Licensing and Regulation, U.S. Atomic Energy Commission, Washington 25, D.C. 
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In only seven States as of mid-1958 have there been adopted com- 
prehensive regulations of the type outlined and recommended above: 
California, by the department of industrial relations, in January 1955; 
Connecticut, by the department of health, in October 1957; Massa- 
chusetts, by the department of labor and industries, effective Decem- 
ber 1957; Michigan, by the department of health, in December 1957; 
New York, where two codes were adopted in 1955—a Radiation Sani- 
tary Code by the health department, and a Radiation Industrial Code 
by the department of labor; Pennsylvania; by the department. of 
health, in October 1956; and Texas, by the board of health, effective 
September 1956. In all of these States but California, the registra- 
tion of radiation sources is required. Registration is required also in 
eight other jurisdictions, in several of them as part of a transitional 
period pending adoption of comprehensive regulations. 

* x * * * x * 


(E) WORKMEN’S COMPENSATION LAWS AND RADIATION INJURY 
COVERAGE 


When workmen’s compensation laws were initiated a half a century 
ago, their main purpose was to eliminate the uncertainties facing em- 
ployees in obtaining damages for injuries at common law or under 
employers’ liability laws.. Theretofore, the employee who was injured 
during his employment had to bring an action against. his employer 
for damages and was frequently barred from recovery because of the 
defenses of “assumption of risk,” “contributory negligence,’ or the 
“fellow servant” rule. By the new laws, industry was made to bear 
the burden of the damages so long as the injury occurred during the 
course of employment and the employee was in some way furthering 
his employer’s business. The cost of work injuries thus has come to 
be considered part of the expense of production. 

In time, ‘‘injury” was expanded to mean “‘disease’’ and most. work- 
men’s compensation acts were amended to define and enact further 
provisions regarding the various ways in which an employee could be 
injured during his employment. As new risks of occupational disease 
came into being, or came to be identified, workmen’s compensation 
acts, in most cases, were amended to include them, 

The inereased and increasing use of atomic energy for peaceful pur- 
poses, in industry and elsewhere, will result in the greater incidence of 
diseases caused by exposure to ionizing radiation and associated ma- 
terials, This is a problem facing the States even now, not one just of 
the future. Contrary to widely entertained notions, even today the 
overwhelming majority of workers engaged in pursuits which bring 
them into contact with radiation. are employees of private business— 
and thus subject to State workmen’s compensation laws—rather than 
employees of the Atomic Energy Commission—and thus excluded 
from State law coverage. As an illustration, the Atomic Energy 
Committee of the International Association of Industrial Accident 
Boards and Commissions (I[ALABC) in September 1957, reported that 
as of the middle of that year, 112,000 workers for private contractors 
with AEC were employed on projects which involved radiation ex- 


posure whereas the entire staff of the AEC at that. time numbered less 
than 7,000. 
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Some facts concerning the nature of injuries which result from 
exposure to radiation should be noted. It is a characteristic of radia- 
tion that it has a cumulative effect on the body. Many sources con- 
tribute to the radiation which the body receives. Cosmic rays from 
outer space, radioactive elements in soil, air, and water—all contribute 
to what is called natural background radiation. X-rays and radium 
produce radiation to which we have been exposing ourselves for many 
years. The newer sources of ionizing radiation which we have known 
less than a score of years add to these. 

Research based on increasing information available to us indicates 
that amounts of radiation received gradually and over a long period 
of time are less harmful than brief exposures to the same total amounts 
of radiation; but any exposure, no matter how slight, may be harmful. 
Considerable study has gone into determining tolerable limits of 
exposure, and safety regulations have been developed on the basis of 
these studies. It has been urged in this connection—by many scien- 
tific authorities, the International Association of Industrial Accident 
Boards and Commissions, and others—that cumulative exposure 
records be maintained for all persons regularly in contact with radia- 
tion hazards. 

Overexposure to radiation can result in leukemia, eye cataracts, 
tumors, skin burns, cancer, and can produce genetic effects. Some 
effects of overradiation resemble the speeding up of the ordinary 
aging process of the body. It is noteworthy that many of these 
conditions can result from factors or causes other than overexposure 
to radiation. 

The responsibility of the States, in cooperation with Federal agen- 
cies, for instituting radiation regulations to protect workers and others 
has been dealt with elsewhere in this report. (See statement on 
‘Radiation Protection.”) Over and above that, the States, since 
they have asserted and assumed responsibility for providing com- 
pensation for occupational hazards, now face a real challenge to 
adjust their systems to provide workers with equitable coverage for 
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| 
radiation-induced diseases. As noted by the U.S. Department of 
Labor in an August 1957 survey of “State Workmen’s Compensation [| 
Laws” (Bull. 161, revised, p. 19): “With the growing use of atomie [| , 
energy for peaceful purposes, the full protection of workers who are | 
injured on the job due to radiation hazards is of prime importance.” a 
The International Association of Industrial Accident Boards and | gx 
Commissions (ILAIABC) has recommended several steps for the | f, 
improvement of State workmen’s compensation laws, particularly 
to cope with these new and expanded radiation hazards, including | q 
the following: - 

1. Al State workmen’s compensation laws should cover 
occupational diseases as well as industrial accidents. All States 
have basic legislation in this field; but two do not provide occupa- [| by 
tional disease coverage: Mississippi and Wyoming. pr 

2. Where occupational disease laws do exist, they should bé } of 
reviewed and, where necessary, revised to cover claims resulting | au 
from radiation hazards. Twenty-eight States, Alaska, the Distriet | (ix 
of Columbia, and Hawaii (and the United States, in its coverage | lic 
of Federal employees and longshoremen) provide full coverage of | by 
occupational diseases. Several additional States have specified | ba 
coverage in their laws for certain diseases due to exposure to | Ab 
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radioactive substances and materials. There appear to be at 


















































































a- least eight States, according to the Department of Labor survey 
n- mentioned above, which do not cover any injuries due to radia+ 
ym: tion—Alabama, lowa, Maine, Mississippi, Montana, New Hamp- 
ite shire, Tennessee, and Wyoming. 
mm 3. To assure full worker coverage for radiation diseases, and 
ny in light of the delayed appearance nature of many of these diseases, 
wh the [AIABC suggests that the time limitations in filing claims 
should begin to run from the date on which the employee has 
ites knowledge of the nature of the disability and its relation to his 
10d job and until after disablement. The IAIABC suggests elimina- 
nts tion of time limitations requiring the disease to occur within a 
ful. certain period (usually from 4 months to a year) after the last 
; of exposure. 
s of 4. Other features suggested by the IAIABC for consideration 
ien- by the States are: (a) provision of unlimited medical benefits, 
jent including rehabilitation, in radiation cases; (6) vesting jointly the 
sure State agency administering compensation laws and the State 
\dia- medical society with authority to designate attending physicians 
and hospitals and rehabilitation facilities in all radiation exposure 
acts, cases; and (c) making radiation cases, upon establishment of 
some multiple exposure, eligible for second injury fund benefits. 
nary The committee on suggested State legislation is impressed by the 
these evidences of need that exist for extensive review, reevaluatioa, and 
osure revision of State workmen’s compensation legislation in many States. 
It is evident that much thought and action should be devoted to these 
en- matters during the next few years. 
thers An examination of the literature and reports available to the com- 
nt on mittee does not reveal that satisfactory answers have been found to 
since one question of great, perhaps of overriding, practical importance— 
com- the matter of proof of causal relationship between occupational 
ge to | hazard and injury, in the radiation field. As noted above, many dis- 
ge for | eases and injuries which can be radiation induced also can result from 
ent Of | other causes. In the absence of a satisfactory answer to this question, 
sation — the committee is unable at this time to recommend specific courses 
atomi¢ | of action to the States. It has established a subcommittee to work 
ho aré | with the Council of State Governments and other appropriate groups 
ice.” and agencies during the coming year in an effort to find helpful an- 
ds and | swers to this question. A basis for needed State action should result 
or the }| from such study. 
cularly 
cluding | (F) PUBLIC LIABILITY OF STATE AND LOCAL LICENSEES FOR ATOMIC 
INCIDENTS 
cover 
| States Under an amendment to the Atomic Energy Act of 1954, adopted 
occupa | by the Congress in 1957 (Public Law 85-256), a Federal indemnity 
program was established for nuclear activities undertaken by licensees 
ould bée | of the Atomic Energy Commission. The statute requires licensees 





authorized to operate nuclear reactors to maintain financial protection 
(in the form of nuclear energy liability insurance, resources of the 
icensee or in some other appropriate form) in an amount specified 
by the Atomic Energy Commission against public liability claims 

on a nuclear incident arising out of the licensed activities. 
Above the amount of financial protection, the Atomic Energy Com- 
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mission provides indemnity protection in the amount of $500 million. 
The statute abolishes all legal liability in excess of the sum of $500 
million plus the amount of financial protection required of the licensee. 

After adoption of Public Law 85-256, it developed that a substantial 
number of State agencies which had applied for or possessed licenses 
from the Commission to operate nuclear reactors were unable to 
comply with the requirement that they furnish financial protection. 
As a result, the atomic energy law committee of the National 
Association of Attorneys General and the committee on suggested 
State legislation of the Council of State Governments undertook the 

reparation of draft State legislation designed to enable State and 
ocal agencies to comply with the financial protection requirements 
of the Atomic Energy Act. 

In August 1958, Public Law 85-744 was enacted amending the 
legislation adopted the previous year. The 1958 amendment estab- 
lishes an exemption from the financial protection requirements with 
respect to licenses issued for the conduct of educational activities to 
persons found by the Commission to be nonprofit educational institu- 
tions, Because it appears that the exemption contained in Public 
Law 85-744 is broad enough to include all State agencies which have 
applied for, or are likely to apply for, an AEC license for which finan- 
onl protection is required, the text of the draft bill prepared by the 
aforementioned committees has not been included. in this report. 
In the event, however, a situation arises where a State agency desires 
to obtain an AEC license for which financial protection is required, 
and the licensee is not included within the scope of the exemption 
granted by Public Law 85-744, the agency may wish to obtain a 
copy of the draft bill by writing to the Council of State Governments, 
1313 East 60th Street, Chicago 37, Ill. 


PART VII 


SUGGESTED STATE LEGISLATION FOR 1959 ON WORK- 
MEN’S COMPENSATION IN LIGHT OF RADIATION HAZ- 
ARDS 


Report AND RECOMMENDATIONS OF SUBCOMMITTEE ON WoRKMEN’S 
CoMPENSATION, Councrit oF State GOVERNMENTS, APPROVED BY 
ComMITTEE ON Atomic Enrercy Law, NatTionaL ASSOCIATION OF 
ATTORNEYS GENERAL 


WORKMEN’S COMPENSATION COVERAGE IN LIGHT OF RADIATION HAZARDS 


The protection of workers exposed to radiation hazards presents 
problems, some of them unprecedented, under State workmen’s com- 
pensation laws. With the recent rapid increase in the use of atomic 
energy for industrial, scientific, and research purposes, it has seemed 
hi nly desirable that these laws, as they relate to atomic energy and 


other forms of radiation, be reviewed and recommendations developed 
which might be brought to the attention of the States for considera- 
tion during 1959 legislative sessions. 

Workmen’s compensation laws are in effect infall States, the Dis 
trict of Columbia, Hawaii; and Puerto Rico. Very few of these laws 
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provide protection which is adequate in all respects for workers 
exposed to radiation hazards. The attached materials have been 
prepared to enable each State to compare its law with certain recom- 
mended workmen’s compensation standards and thus to identify 
existing gaps or inadequacies. Suggested legislation is provided to 
assist States in revising their laws in accordance with recommended 
standards. 

The chart which accompanies these proposals will give a quick 
picture as to the extent to which the workmen’s compensation laws 
of the States and other jurisdictions provide protection for radiation 
injuries. The chart is limited to provisions in the laws and does not 
include information on judicial decisions or administrative interpre- 
tations, rules, and regulations. It is suggested that the laws should 
be specific with respect to the matters dealt with in the following so 
that the employer and worker are not required to rely on court inter- 
pretation. 

The standards covered are based primarily on those recommended 
by the International Association of Industrial Accident Boards and 
CuisitisRiiotss (IATABC). This organization is composed primarily 
of the administrators of the various State and Canadian provincial 
workmen’s compensation agencies; associate memberships are main- 
tained by medical and legal associations, insurance companies and 
associations, business and industrial concerns, AFL-CIO, law firms, 
and actuarial establishments. These standards also conform to those 
recommended by the American Medical Association, the -American 
College of Surgeons, and other organizations and groups. 

Although the purpose of these proposals is to call the attention of 


the States to workmen’s compensation standards which have a special 
relationship to radiation injuries, the suggestions for legislation are 
not specifically limited to radiation injuries. Also it should be pointed 
out that these proposals do not par ort to cover all aspects of work- 


men’s compensation that shou e considered. Other provisions 
including reciprocal arrangements for coverage, adequacy and dura- 
tion of benefits, and administrative procedures are presently under 
study. The standards relating to coverage of employers do not affect 
the existing exemptions for specified workers such as farm or domestic 
workers. Nor do they deal with the problem of nonprofit organiza- 
tions many of which are users of radioisotopes such as hospitals, col- 
leges, and other research institutions. Neither do they affect the 
method of insurance or self-insurance which the employer is permitted 
to follow at present. 

The legislation to carry out the suggested standards is based on 
tested experiences of the States. In general, the suggested provisions 
are similar to those already in effect in some of these laws or represent 
a composite of language in a number of such laws. Adjustments will 
be necessary, of course, to fit the language into a particular State 
law. In ‘addition, the amendment of one section of the law ma 
necessitate amendment of a number of other sections to accomplis 
the desired objective. In preparing amendments, therefore, a careful 
examination should be made of the entire law to assure that all 
pertinent sections are amended properly. 

The term “injury” or “radiation injury,’’ wherever used in these 
proposals, is intended to mean a work injury or disease which is 
compensable under the workmen’s compensation law or for which 
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the worker is entitled to medical aid uoder the workmen’s compensa- 
tion law. The term does not necessarily refer to the medical definition 
of injury. 

In the discussion of the various workmen’s compensation laws, the 
use of the term “‘State’’ also includes the District of Columbia, Hawaii, 
and Puerto Rico. 

A. COMPULSORY LAWS 


It is suggested that all workmen’s compensation laws be compulsory 
rather than elective. 

Workmen’s compensation laws may be classified as compulsory or 
elective. 

A compulsory law requires every employer within the coverage of 
the act to accept its provisions and to provide for the benefits pre- 
scribed by the act. About one-half of the workmen’s compensation 
laws in this country are compulsory. 

An elective law permits the employer and employee to accept or 
reject the provisions of the law. Under most types of elective laws, 
acceptance of the act by the employers or employees is presumed 
unless specific notice of rejection is filed. If the employer rejects the 
law, he loses the customary common law defenses of assumed risk of 
employment, negligence of fellow servants, and contributory negli- 
gence. If the employee rejects the act but the employer accepts it, 
then the employer is allowed to use the common law defenses in case 
of a suit by the employee for damages. If an employer has rejected 
the act, his employees may be unable to obtain compensation unless 
they sue for damages regardless of whether or not they have acceptec 
the act. 

The first test, therefore, of whether a workmen’s compensation law 
covers radiation injuries is the type of law. If elective, an injury 
may or may not be covered. For various reasons it is particularly 
important that a State workmen’s compensation law cover radiation 
yBRee, A radiation injury may show up years after the exposure 
which was its cause. A causal relationship may be difficult or im- 


possible to prove because witnesses have disappeared, the employer 
may have gone out of business, or, in the event negligence is charged, 
the statute of limitations respecting any action for negligence may 
have run. On the other hand, if only radiation industries are com- 
pelled to have workmen’s compensation, discrimination in awards to 
injured workers between or within industries or even within one 
business may result. 


SuGGEsTED LEGISLATION! 


Sec. —. The following shall constitute employers subject to the provisions of 
this act: 

(a) Every person, partnership, firm, association, trust, corporation or legal 
representative thereof, that has in service one or more employees. 

(b) The State, county, city, town, township, incorporated village, school dis- 
trict, sewer district, drainage district, public or quasi-public corporation, or any 
other political subdivision of the State that has in service one or more employees 
or officials. 


1 In considering this suggested language it will be necessary to make certain that the series in (a) and (6) 
follow the terminology customary in a specific State and that all sections of the act be in conformity. 





sa- 
10n 


the 
‘aii, 


ory 


e of 
pre- 
tion 


t or 
AWS, 
med 
; the 
k of 
egli- 
s it, 
case 
cted 
nless 
ptec 


. law 
jury 
larly 
ation 
sure 
r im- 
loyer 
rged, 

may 
com- 
ds to 
1 one 


ons of 
r legal 
ol dis- 


or any 
nloyees 


) and (6) 
lity. 


RADIATION HAZARDS AND WORKMEN’S COMPENSATION 22] 


B. NO NUMERICAL EXEMPTION 


It is suggested that the workmen’s compensation law apply to all 
employers subject to the act regardless of the number of employees, 

The effectiveness of workmen’s compensation laws is limited in 
many States by numerical exemptions under which employers with 
fewer than a specified number of employees are not covered by the 
law. The laws in 23 States make no exemption based on number of 
employees. In 29, however, employers of less than a certain number 
of employees are exempt from coverage. This numerical exemption 
ranges from 2 employees to 15. 

Radioisotope users frequently involve employers with only a few 
employees. It is expected that the use of radioisotopes by small 
employers will increase greatly. It is important, therefore, that the 
numerical exemption be removed. 

Workers employed by employers who have only a few employees 
are usually particularly in need of the protection offered by the work- 
men’s compensation laws. The small establishment is more likely to 
lack an organized accident-prevention program and the financial re- 
sources to take care of the injured workers in case of serious injury. 
At the same time, the employer in a small business establishment also 
needs workmen’s compensation to protect himself against lawsuits for 
damages brought by employees injured in his establishment. 


SuaGEstTepD AcTION 


No specific provision is suggested for this purpose since it would involve mainly 
the repeal of the present section or clause establishing the numerical exemption 
and substituting therefor the words “one or more employees.” ? 


C€. RECIPROCAL ARRANGEMENTS FOR EXTRATERRITORIAL COVERAGE 


The extent of coverage of radiation injuries also is affected by the 
extraterritorial provisions of the various workmen’s compensation 
laws. When an employee hired in one State is injured in another, 
sometimes he is covered by the law of the State where he was hired, 
sometimes such coverage is doubtful, depending upon a number of 
factors. On the other hand, sometimes the employee is specifically 
covered by the law of the State where the injury occurred. In 
many instances it is difficult to determine in what State the remedy 
should be sought. The difficulty is caused by the varying provisions 
of the different laws relating to this problem. 

Some of the States, including Connecticut, Massachusetts, and 
Ohio, provide, with no restrictions, that the law covers resident workers 
of the State for injuries occurring both within the State and outside 
the State, regardless of whether the employment contract was made 
within the State or outside the State. Others provide that if a con- 
tract to work is made in the State, the law will apply in cases of in- 
juries outside the State. 

Still others—for instance, those of California, Michigan, and 
Nevada—require that the employee’s regular place of employment, 


2 Note suggested legislation in “A. Compulsory Laws.” 
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or the employee’s residence, or both, also be in the State where the 
contract is made. Some of the laws also require that the accident 
must occur within a certain time after leaving the State; for instance, 
Texas sets 1 year, and Colorado and Utah set 6 months. Delaware 
and Pennsylvania specify that the work outside the State must not 
extend beyond a period of 90 days. About one-fourth of the laws 
omit any reference to extraterritoriality, but the courts of some of 
these States, for instance those of New Jersey and New York, have 
interpreted the law as being applicable to such accidents. The New 
York law has been held to apply if the contract of employment was 
made in the State, or the employment was incidental to a business 
carried on in the State. The New Jersey law has been construed to 
apply generally to accidents incurred in the State on contracts of 
hire made outside the State. 

In 11 States reciprocal arrangements have been developed to meet 
this problem, Under these arrangements, the workmen’s compensa- 
tion law may not apply to an employee temporarily within the State 
if his employer has furnished proof of workmen’s compensation cover- 
age under the law of another State and provided that the other State 
also recognizes the same extraterritorial application for employees 
temporarily within its borders. Seven of these laws provide specifi- 
cally for such reciprocal arrangements. In the other four laws, the 
workmen’s compensation agency is authorized to enter into reciprocal 
agreements with other States, 

The 1958 Western Regional Conference of the Council of State 
Governments adopted a resolution memorializing the legislatures of 
the Western States, which have not already done so, to enact specific 
extraterritorial coverage on a reciprocal basis. 

Extraterritorial provisions will affect the coverage of radiation 
injuries primarily for workers engaged in the installation, construc- 
tion, and servicing of atomic energy facilities, radiography and testing, 
research, and in the transportation of materials with a radiation 
hazard where such workers cross State lines. No recommendation 
or suggested language is included on this item pending further con- 
sideration by the committee on suggested State legislation. 


D. WAIVERS PROHIBITED 


It is suggested that workmen’s compensation laws specifically 
prohibit waivers. 

Most jurisdictions prohibit a covered employee from waiving his 
rights to compensation. However, early in the history of workmen’s 
compensation, a number of States enacted provisions permitting handi- 
capped workers to waive their rights to benefits for an injury caused, 
or contributed to, by a previous disability. This was done because 
of the reluctance of employers to hire or keep an employee whose 
physical condition might create an extra compensation cost if he 
suffered a further injury on the job. 

The development of the second or subsequent injury fund system 
has made the need for waiver provisions obsolete. i cacnian some 
jurisdictions still authorize the use of waivers. The elimination of 
the use of waivers is particularly desirable in view of the delayed 
manifestation and other characteristics of radiation injuries. 
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Succestep LEGISLATION 


Sec. —. No agreement by an employee to waive his right to compensation 
under this Act shall be valid. 


E. FULL COVERAGE OF OCCUPATIONAL DISEASES 


a suggested that full coverage of occupational diseases be pro- 
vided. 

The rapidly expanding use of atomic energy for industrial purposes 
makes it imperative that the workmen’s compensation law protect a 
worker who is exposed to ionizing radiation. To achieve this protec- 
tion, occupational disease coverage of many of the laws must be 
extended. The laws of the States range from no coverage of occupa- 
tional diseases (Mississippi, Montana, and Wyoming) to full coverage 
of any disease that is caused by the employment. Consideration must 
be given to the workmen’s compensation laws which do not provide 
for any occupational disease coverage or which partially cover occupa- 
tional diseases. by the so-called schedule method. States with 
scheduled coverage should examine their laws and particularly the 
definitions of radiation coverage. It is doubtful if a definition such as 
“radium poisoning or injury by X-rays’ would include injuries result- 
ing from use of atomic energy. Another definition sometimes used, 
such as “ulceration of the skin or destruction of tissue due to the 
prolonged exposure to roentgen rays or radium emanations,” also 

resents problems. For example, what is “destruction of tissue’’? 
What is meant by “‘prolonged” exposure? 

The International Association of Industrial Accident Boards and 
Commissions has recognized this problem and its 1956 atomic energy 
committee recommended the following language: * 


It is suggested that a uniform language be used and that the term “disease 
caused by exposure to ionizing radiation’”’ be inserted in the law where considered 


necessary. 

Forty-one laws provide some coverage for diseases caused by ionizing 
radiation. This includes the 31 States which provide for complete 
coverage of all occupational diseases, either by definition or by adding 
a catchall provision to a schedule listing of diseases. In the other 
States coverage is restricted to the specific diseases listed in the law, 
but in 10 of these the scheduled coverage appears to be quite adequate 
as regards radiation injuries, 

Two methods of providing full coverage are suggested: 

(1) For those States which have scheduled coverage of occupational 
diseases and wish to retain this method of coverage it is suggested 
that the schedule include the’ following provisions to assure full 
coverage: 

SuGGESTED LEGISLATION 


Sec. —. Any disease caused by exposure to ionizing radiation from sources 
inside or outside the body. 
Sec. —. All other occupational diseases. 


(2) For those States which do not have any coverage of occupa- 
tional diseases in their law, or those which wish to eliminate the 
scheduled coverage and achieve full coverage by definition of injury, 
it is suggested that the following provision be considered: 


3“Workmen’s Compensation Problems,” Bull. 192, Bureau of Labor Standards, U.S; Department of 


+ P. 165, 
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SUGGESTED LEGISLATION 











Sec. —. ‘‘Injury’’ means mental or physical harm, including disease or infec- 
tion to an employee and damage to or loss of an employee’s prosthetic appliances, 
arising out of employment. 








F. TIME LIMIT FOR FILING CLAIM IN OCCUPATIONAL DISEASE CASES 
BASED ON DATE OF WORKER’S KNOWLEDGE AND DATE OF DISABLE- 
MENT 












It is recommended that a flexible time-limit provision be provided 
in order that the workmen’s compensation law extend protection to 

a worker suffering from an ionizing radiation disease resulting from 

his employment. 

One of the major problems affecting the coverage of slowly develop- 
ing diseases is the requirement regarding the time in which a claim 
must be filed. Many of the laws require that the claim be filed within 
a certain period after date of last exposure. Other laws require that 
the time for filing a claim be based on the date of disablement regard- 
less of whether or not the worker knows the cause of disablement. 
A few States use the date of manifestation of symptoms as the date 
from which the time begins to run. 

A worker may not know that he is suffering from a radiation disease 
for many years after the date of last exposure. It may be 10, 20 or 
more years after exposure before a worker becomes disabled and has 
a knowledge that the condition requiring treatment is directly related 
to his radiation exposure while on the job. To protect the worker 
in such cases, it is necessary, therefore, to base the time limit on date 
of his knowledge of the nature of his disease and its relation to his 
job. A worker may not realize, until after he becomes disabled, that 
a workmen’s compensation claim must be filed in order to receive 
the benefits of that law. For this reason it is important to include 
both date of disablement and date of worker’s knowledge of cause of 
disablement to assure that the worker is fully protected. 

The 1956 Atomic Energy Committee of the International Associa- 
tion of Industrial Accident Boards and Commissions (I[AIABC) rec- 
ommended the following time limit standard for filing claims in radia- 
tion injury cases: * 

* * * To assure full protection of the worker in such cases, it is suggested that 


requirements that exposure occur within a specified period be eliminated and the 
time limitation in filing of claims not begin to run until the date on which the em- 













































ployee has knowledge of the nature of his disability and its relation to his job and until t 
after disablement. It is suggested that the time limit should be at least 1 year after 
such date. t 
The suggested legislation should appear as a supplement to existing a 
statutory provisions dealing with time periods within which workmen’s ’ 
compensation claims must be filed. , 
0 
Suacestep LEGISLATION 2 
é 
Sec. —. The time for filing claims shall not begin to run in cases of latent or tk 
undiscovered physical or mental impairment due to injury (including disease) T 
until (1) the person claiming benefits knew, or by exercise of reasonable diligence . ac 
should have known, of the existence of such impairment and its causal relationship th 
to his employment or (2) after disablement, whichever is later, Provided, That in be 
any such case in which indemnity benefits have been paid, the claimant’s right to + 
compensation is preserved without time limitation. ie 





. mae Compensation Problems,” Bull. 192, Bureau of Labor Standards, U.S. Department of 
abor, p. 165. 
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G. UNLIMITED MEDICAL BENEFITS 


It is suggested that full medical benefits for both accidental injuries 
and occupational diseases be provided by law. 

Every State workmen’s compensation law provides for medical aid 
to an injured worker. The laws, however, vary from State to State 
as to the extent of such care. Fourteen of the laws provide complete 
medical care for accidental injuries or occupational diseases. Fifteen 
other laws place a limitation of time or amount on medical benefits 
but authorize the administrative agency to extend such benefits 
beyond the initial maximum stated in the law. The remainder of the 
laws limit medical aid either by period of time or cost limitations or 
both. 

Radiation injuries or diseases because of their nature are particularly 
likely to involve extensive medical care. There is evidence to show 
that radiation injuries or diseases after apparent recovery may recur 
and again require medical care. It is important, therefore, that the 
laws provide full medical benefits. 






































SuGGESTED LEGISLATION 


Sec. —. The employer shall furnish such medical, surgical and medical rehabil- 
itation services, and other attendance or treatment, nurse and hospital service, 
medicine, prosthetic appliances and proper fitting and training in the use of such 
appliances, for such period as the nature of the injury (including disease) may 
require and as necessary to restore the employee to his maximum level of physical 
capacity and to give relief from pain. he employer shall also furnish replace- 
ments or repairs of such prosthetic appliances when deemed necessary by the 
{[Workmen’s Compensation Agency], unless the need for such replacements or 
repairs is due to lack of proper care by the employee, or unless the injury consists 
solely of loss of or damage to a prosthetic appliance and adequate replacement or 
repair has been made by the employer. 



































H. AUTHORITY FOR WORKMEN’S COMPENSATION AGENCY TO SUPER- 
VISE MEDICAL CARE 






It is suggested that the workmen’s compensation agency have the 
authority to supervise and order changes in medical care so that 


specialized treatment may be given in all cases where it is deemed to 
be necessary. 


Radiation cases will often require specialized treatment. For this 
reason it is important that workmen’s compensation agencies have 
the authority to supervise and control medical care. 

The Medical Committee of the International Association of Indus- 
trial Accident Boards and Commissions (IAIABC) in 1956 formulated 
a set of principles which included the following:* 


This association recognizes that the ultimate aim of the compensation process 
is to return an injured workman to a job as quickly as possible with a minimum 
of permanent disability. In order to achieve this objective the administrative 
agency must be given responsibility by statute to supervise and control medical 
care. This principle is now recognized by the American ae of Surgeons and 
the American Medical Association through the Council on Industrial Health. 
The commission should supervise medical care with a view to determining the 
accuracy of diagnosis from the outset until final determination. It is recognized 
a this grave responsibility will be shared with appropriate medical advisory 

ies. 
































































tab ene Compensation?Problems” (Bull. 192), Bureau of Labor Standards, U.S. Department of 
abor, p. 247. 
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F The 1957 committee of this same organization indicated that only 
two States approached the recommended standard as it relates to 
supervision of medical care. The standard as prescribed by the 
IAIABC includes the following: ° 
1. One or more physicians on staff of workmen’s compensation 
agency. 
2. Reports required by the workmen’s compensation agency 
from attending physicians. 
3. Right of workmen’s compensation agency to suggest to 
attending physician the need for change in treatment. 
4. Use of impartial advisory medical panels to supervise 
medical care. 
To achieve this standard, the law should be amended where neces- 
sary. 
SvuGGEsTeD LEGISLATION 


Sec. —. The [head of workmen’s compensation agency], on competent medical 
advice, shall have authority to determine the necessity, ’character, and sufficiency 
of any medical or medical rehabilitation aid furnished or to be furnished and 
shall have authority to order a change of physician, hospital, or rehabilitation 
facility when such change is determined to be desirable or necessary. 


I. BROAD TYPE COVERAGE SECOND OR SUBSEQUENT INJURY: FUNDS 


It is recommended that a second or subsequent injury fund cover 
all types of permanent physical impairments that are likely to be a 
hindrance or obstacle to employment. 

The second or subsequent injury fund served to reduce the fear of 
employers that they may be assessed a heavy compensation cost if 
the handicapped worker suffers a subsequent injury. To meet this 
problem subsequent injury funds have been established in all but five 
States (Georgia, Louisiana, Nevada, New Mexico, and Virginia). 

A subsequent injury fund is a special fund to insure that an em- 
ployer who hires a handicapped worker will not, in the event such 
worker suffers a subsequent injury on the job, be responsible for the 
payment of compensation for a greater disability than that actuall 
resulting from the subsequent injury by itself. Under the New Yor 
and Minnesota laws, the employer is only liable for compensation for 
a maximum of 104 weeks. But the employee is fully compensated. 
The subsequent injury fund pays the difference between what the 
injured worker receives from the employer and what the law provides 
for the actual disability resulting from the combined injuries. 

Existing second or subsequent injury fund provisions of State 
workmen’s compensation laws may provide for coverage of any type 
of prior disability—such as polio, epilepsy, arthritis, heart disease, or 
diabetes; or it may be so limited that it applies only to such handicaps 
as the loss, or loss of use, of a hand, arm, foot, leg, or eye. The great 
majority of these funds are limited in coverage to the loss of a member 
of the body. 

A worker who has suffered a radiation injury may find it difficult to 
retain his present job or to obtain other employment where a subse- 
quent injury fund does not cover such injuries. Less than one-third 
of the laws have subsequent injury funds that cover radiation injuries. 


¢“Workmen’s Compensation Problems” (Bull. 195), Bureau of Labor Standards, U.S. Department of 
Labor, pp. 172-173. 
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As to the methods of financing such funds, the International Asso- 
ciation of Industrial Accident Boards and Commissions (IAIABC) 
Second Injury Fund Subcommittee reported in1958 as follows: 


Where a broad coverage is provided, based on the first injury resulting from a 
nonindustrial traumatic injury or a congenital condition, the liability for financing 
of the second injury fund should be shared by industry and society at large. 
In other words, where a preexisting condition is the result of a nonoccupational 
aecident or disease the State should be required to contribute its proportion of the 
cost of the case thus reducing the cost to the employer. It is believed that by so 
relieving the employer from the entire cost of all second injury cases, the employ- 
ment of handicapped persons will be encouraged. 


This committee also suggested: 


The limitation of the medical liability of the employer in second injury cases to 
a specific amount with the balance payable by the second injury fund is a further 
consideration to encourage the employment of the handicapped. 


Section 1 of the suggested legislation is designed to make it possible 
for a State to cover radiation injuries under its currently existing 
second injury fund. Section 2 suggests a possible method a State 
might use to finance a second injury fund where none exists or where 
a State contemplates changing its present method of financing. 


SuGGESTED LEGISLATION 


(Title should conform to State requirements] 


(Be it enacted, ete.) 

Sec. 1. Whenever an employee who has a permanent physical impairment due 
to previous accident or disease or any congenital condition, which is or is likely 
to be a hindrance or obstacle to his employment, incurs a subsequent disability 
by reason of a personal injury, for which compensation is required by this Act, 
resulting in permanent partial or permanent total disability that is substantially 
greater by reason of the combined effects of the impairment and subsequent 
injury than that which would have resulted from the su uent injury alone, the 
employer or his insurance carrier shall in the first instance pay all awards of com- 
pensation provided by this Act, but such Sane or his insurance carrier shall be 
reimbursed by the State treasurer from the fund created by section 2 for all com- 
pensation subsequent to that payable for the first one hundred and four weeks of 
disability and for all medical benefits in excess of $1,500. 

If the subsequent injury of such an employee shall result in the death of the 
employee, and it shall be determined that either the injury or the death would 
not have occurred except for such preexisting permanent physical impairment, 
the employer or his insurance carrier shall in the first instance pay the compensa- 
tion prescribed by this Act, but he or his insurance carrier shall be reimbursed 
by the State treasurer from the fund created by section 2 for all compensation 
payable in excess of one hundred and four weeks and for all medical benefits in 
excess of $1,500. 

The word “compensation’’ as used in this section for the purpose of reimburse- 
ment means all payments to the injured worker or to his dependents in ease of 
death, and payments for medical, hospital, burial, and other services, made 
under the provisions of this chapter. 

Sec. 2. There is hereby established in the State treasury a special fund for the 
purpose of making payments for subsequent injury in accordance with the pro- 
visions of section 1. ‘Such fund shall be grey peers: the workmen’s compen- 
sation agency. The State treasurer shall be the custodian of such fund and all 
moneys and securities in such fund shall be held in trust by such treasurer and 
shall not be the money or property of the State. 

(A) The treasurer is authorized to disburse moneys from such fund only upon 
order of the workmen’s compensation agency. He shall be required to give 
bond in an amount to be fixed and with the securities approved by the workmen’s 
compensation agency conditioned upon the faithful performance of his duty as 


. espa of such fund. The premium of such bond shall be paid out of such 
und, 
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(B) Two separate accounts shall be established under the special fund created 
under this section. One account shall be designated item A. The other shall be 
designated item B. 

(1) Payments shall be made into item A of the special fund as follows: 

(a) The State legislature shall appropriate an amount necessary to meet the 
payments provided under this section from item A of the special fund. 

(2) Payments shall be made into item B of the special fund as follows: 

(a) Each employer shall pay $2,000 as indemnity benefits for the death of an 
employee of such employer resulting from injury where the workmen’s compen- 
sation agency determines that there is no person entitled under this title. to 
indemnity benefits for such death. Whether there is such a person shall be 
ascertained as of the time of the determination. 

(b) Each insurance carrier shall annually under regulations prescribed by the 
workmen’s compensation agency make payments to such fund in an amount 
equal to 1 per centum of the gross premium received from workmen’s compen- 
sation insurance written or renewed by it during the preceding calendar year on 
risks within this State or subject to the jurisdiction of this State. 

(c) Each self-msurer shall annually, under regulations prescribed by the work- 
men’s compensation ageney, make payments to such fund in an amount equal'to 
1 per centum of the premium which such employer would have had to pay to 
obtain workmen’s compensation insurance for the preceding calendar year (or 
proportional year if a self-insurer has not been authorized for the full year), 
which amount shall be determined by the workmen’s compensation agency. ' 

(C) Payments from items A and B shall be made as follows: c 

(1) Item A shall be used to reimburse employers or insurance carriers for all 
payments due under this section to any employee whose prior permanent physical 
impairment was not incurred as the result of an employment injury. 

(2) Item B shall be used to reimburse employefs or insurance carriers for all 
payments due under this section to any employee whose prior permanent physical 
impairment was incurred as the result of an employment injury. ; 


REHABILITATION 





BENEFITS DURING 





J. MAINTENANCE 





It is recommended that special maintenance benefits. be, provided 
during the period of rehabilitation. 
Less than half of the State workmen’s compensation laws contain 
any specific provision on rehabilitation of workers. A worker with 
a disabling injury or one who has, suffered excessive exposure while 
on the job, such as exposure to ionizing radiation, silica dust, or noise, 
may be precluded from working at his former or similar employment. 
Rehabilitation and retraining for another job may be needed in such 
cases.. The extent to which a.worker will be entitled to rehabilitation 
services will be determined by the particular workmen’s compensation 
law involved. About one-third of the States provide for special 
maintenance or other compensation to facilitate the rehabilitation 
of workers. 

Workmen’s compensation agencies have a special responsibility with 
respect to the rehabilitation of the worker who is injured in the course 
of his employment or who has received an excessive exposure. which 
necessitates a. change in his employment. They are the first State 
agencies to know about these cases and are thus in a position to 

romote the rehabilitation of the worker. Unless rehabilitation 
egins soon after the injury, maximum physical restoration may no 
be possible. 

In order to facilitate the acceptance of rehabilitation by the worker 
and thus reduce the extent of his disability, or in order to enable him 
to be trained for other employment because of excessive exposure, it is 
suggested. that special rehabilitation benefits be provided to cover his 
additional expenses and to help offset his loss of income during thé 
rehabilitation period. 
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SuGGEsSTED LEGISLATION 


Sec.—. In addition to the benefits provided elsewhere in this Act, the employee 
shall be entitled to (1) such vocational rehabilitation services, including retraining 
or job placement, as may be necessary to restore him to suitable employment; 
(2) such additional compensation as may, in the discretion of the (Agency) be 
deemed necessary for his board, lodging, travel, and other expenses and for the 
maintenance of his family during the period of rehabilitation at a rate not to 
exceed the maximum weekly benefit established under section —.? The (Agency) 
shall have the duty of determining whether an employee needs vocational rehabili- 
tation services and shall cooperate with, and refer promptly all cases in need of 
such services to the appropriate public or private agencies in the State, cr where 
necessary, in any other State, for such services. The (Agency) under regulations 
adopted by the (Agency) shall reimburse such agencies for the cost of such services 
and shall pay for maintenance and other expenses out of the special fund estab- 
lished under section —. 


Extent of protection under State workmen’s compensation laws for workers exposed 
to radiation hazards 
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? The maximum weekly rate provided by the Act for temporary total disability. 
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Extent of protection under State workmen’s compensation laws for workers exposed 
to radiation hazards—Continued 
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1 Based on whether workmen's compensation agency has authority to order change in treating physician. 


2 No provision in the law, waivers not permitted in practice, according to the State workmen’s compen- 
sation agency. 

3 Employee may reject coverage under the act. 

4 Scheduled coverage—very limited for radiation diseases. 

* Contractor engaged in building or building-repair work is covered if he employs 2 or more employees 
at any one time. If contractor subcontracts any portion of work, contractor is covered if either the contrac- 
tor or subcontractor has = 1 employee. 

® Not specifically provided in law but authorizes workmen’s compensation agency to make such arrange- 
ments with other States. 

7 Scheduled cov e including radiation diseases. 

8 Law limits or amount but authorizes administrative agency to extend without limit. 

* Waivers can be granted but according to the workmen’s compensation agency, waivers have not at any 
time been permitted. 

1® Compulsory only as to coal mining. 

11 Numerical exemption does not apply to employment in mines and building construction. 

12 If Workmen’s Compensation Commission determines that ames of 10 or less employees is one? 
in —s employment, such employer shall be covered unless he rejects coverage under the act within 
10 da, 

18 Numerical exemption applies only in cases of nonhazardous employments. However, the 14 groups 
of hazardous industries are so comprehensive that the numerical exemption seldom applies. 

4 Employee has initial free choice of doctor but industrial commission may order change by giving 

‘employee right to choose from a panel of at least 3 doctors chosen by industrial commission. 

18 Compulsory as to motorbus companies. 


PART VIII 


REPORT OF ATOMIC ENERGY COMMITTEE, INTERNATIONAL 
ASSOCIATION OF INDUSTRIAL ACCIDENT BOARDS AND 
COMMISSIONS 


Forty-fourth annual convention, Seattle, Wash., September 9, 1958—Ned J. 
Parsekian, chairman, John F. Cauley, John Moulin, George Roche, Clay 
Shackelford, Willis Weeden, M.D. 


_There can be little doubt that most workmen’s compensation juris- 
dictions represented at this convention, today provide totally inade- 
quate protection for workers against radiation hazards. The report 
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just received by this convention on the subject of the present status 
of the workmen’s compensation laws with respect to protection against 
and exposure to radiation, places in bold seliel the fragile protection 
offered industrial workers who toil in the vanguard of the bold atomic 
era. 

At its 1956 convention this organization recommended that States 
adopt workmen’s compensation legislation providing for: 

1, Examination and inspection of plants to determine the type 
and quantity of radiation present in work areas. 

2. Unlimited medical care. 

3. Supervision of medical care. 

4. Full coverage of occupational disease. 

5. Statutory time limitation on claims to run from the date 
on which the employee has knowledge of the nature of his dis- 
ability and its relationship to his employment. 

At the 1957 convention the atomic energy committee of this 
organization reported that ‘‘the recommendations made in 1956 have, 
almost without exception, been ignored.” 

While over the years scientific and industrial development of nuclear 
energy has been marked by dynamic growth, governmental develop- 
ment of safety standards and workmen’s compensation protection has 
been marked by inaction. 

The atomic energy committee of this organization in 1956 reported 
30 civilian nuclear reactors in use in the Dnited States. As of June 
30, 1958, the U.S. Atomic Energy Commission reported 175 civilian 
nuclear reactors in operation or under construction, an increase of 
over 500 percent in a 2-year period. It is reported furthermore that 
67 additional reactors are in the planning stage. 

The total of radioisotope licenses outstanding as of May 31, 1958, 
was 3,750 of which 1,744, or 45 percent, were issued in the prior 18 
months. The growth exceeds even that indicated by the sharp rise 
in the number of licenses issued, for, since 1954 uses of radioisotopes 
have been authorized under general licenses which permit the posses- 
sion and use of specified limited quantities of 65 assorted radioisotopes. 
Theretofore, each license was limited to a specific isotope. 

Measured another way, the quantity of radioisotope shipments by 
the atomic energy committee in terms of radio activity for the 10-year 
period 1946-56, totaled 219,197 curies as compared to shipments for 
the 16-month peried January 1957 through May 1958, of 236,988 
curies. This represents an increase in monthly rate of use of over 
1,000 percent. It is predicted that the growth during the next 
decade will outstrip the geometric growth of the decade just ended. 

That the problems of safety and workmen’s compensation coverage 
in this new industry are national in scope, is attested to by the fact 
that there are five or more licensed users in every State in the country. 
That the problem will affect States presently regarded as nonindus- 
trial, is appreciated when we consider that industrial production is 
now released from geographic ties to traditional sources of energy; 
water, oil, and coal. The few pounds of source material for nuclear 
energy required to sustain heavy industrial production can be easily 
and rapidly transported to any State. 

The introduction of nuclear energy has shattered once accepted 
basic principles of science. The introduction of nuclear energy as a 
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corollary has shattered basic accepted principles of workmen’s com- 
pensation. ' 

The concept that matter and energy could neither be created, 
destroyed nor transformed was challenged in 1905 when Einstein 
suggested that energy and mass are equitable and alterable quan- 
tities. His formula suggested that a gram of mass could be trans- 
formed into an incredible amount of energy which defied the imagina- 
tion, 900 billion billion ergs. 

In January 1939 the theory was proved when scientists bombarded 
uranium with neutrons, producing barium and krypton and releasing 
tremendous energy as a byproduct. Man had split the atom. 

The process of nuclear fission is accompanied by radioactive emis- 
sions, of which there are three major forms: 

Alpha particles.—These are positively charged particles consisting 
of two protons and two neutrons which travel at an initial speed of 
6,000 miles a second through a limited distance, however, of only 2 
inches through air. Alpha particles can be shielded with a few layers 
of paper. 

Beta partieles—These are electrons, negatively charged particles, 
emitted from the nucleus of the radioactive atom. Beta particles 
travel several feet in air and can be shielded by a thin sheet of 
aluminum. 

Gamma rays-—A powerful wave of energy similar to the X-ray 
which can be shielded only by thick layers of lead or heavy concrete. 
Wherever atoms are fissioned exists potential of horrendous physical 
injury and genetic deterioration. Radioactive rays not only tear 
electrons out of inorganic matter through which they pass, but out 
of organic matter, human tissue, resultmg in temporary or perma- 
nent damage to the cells of the skin, organs, blood or bones. 

Its presently known effects include: 
Uleers of the skin. 
Cancer of the skin, blood, lungs, other organs, and bone. 
The formation of cataracts in the lens of the eye. 
Premature aging, and shortening of life span 
Genetic effects producing mutations 
Skin irritation erythema, dizziness and vomiting 
Each year additional industrial and medical uses for radioisotopes 
are discovered, multiplying the potential of these afflictions. Today 
industrial uses include: 
Byproduct power 
Process heat 
Space heat 
Land propulsion 
Crop storage 
Blight control 
Deinfestation of products 
Distillation of sea water 
Food preservation 
. Blast furnace study 
. Determination of cigarette quantity and density 
. Location of obstruction in pneumatic tubes 
3. Crankshaft inspection 
. Wear and abrasion measurements of all kinds 
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15. Measurement and control of thickness in rolling steel, linoleum, 
and other products 

16. Determination of corrosion in high pressure steam lines, gas mains, 
and acid tanks 

17. Density gages 

18. Vacuum gages 

19. Static eliminators 

20. Safety controls 

21. Location of oil holes and other outlets in metals and other dense 
products 

22. Regulation and measurement. of flow of both liquid and solid 
materials 

23. Detection of gasket leaks and other defects 

24. Catalytic and other application to solids 

25. Radiographic detection -of voids, flaws, and defects in welds, 

forgings, castings and solid products of all kinds 

— uses of nuclear energy and radioisotopes continue to develop 
rapidly, 

. That the social problems of nuclear energy are national. in scope 
was early recognized by the Federal Government. From 1940 to 1946 
the research and development of nuclear fission was monopolized. and 
financed exclusively by the executive branch of the Federal. Govern- 
ment through the Manhattan District ofthe United States Army. 
The Atomic Energy Act of 1946 placed the development of nuclear 
energy under the civilian control of the Atomic Energy Commission. 
The AEC was authorized to enter into agreements with private con- 
tractors who would operate Government-owned production facilities. 
In addition, contracts and agreements with private universities and 
corporations were authorized to. encourage research to permit private 
contractors to produce fissionable material for research purposes. 
Finally the AEC was permitted to distribute certain fissionable 
materials and radioactive isotopes to private pérsons or organizations 
for use in research and development. 

Congress charged the AEC with concern for the safety of persons 
exposed to radiation. The act required the AEC to: 

Establish by regulation or order such standards and instructions to govern the 
possessions and use of fissionable and byproduct materials as the Commission may 
deem. necessary or desirable to protect health or to minimize danger from explo- 
sions and uther hazards to life or property. 

The AEC was authorized, in addition, to cease further distributions 
or recall prior distributions from persons not adhering to safety stand- 
ards it established. The 1946 act was void of language which would 
indicate encouragement of State regulation as to industrial safety or 
workmen’s compensation coverage. HNO") 

The Atomic Energy Act of 1954 broadened considerably the par- 
ticipation of private enterprise in nuclear research and in the use of 
radioisotopes for industrial purposes. Private ownership and opera- 
tion of facilities for. production of fissionable materials was authorized 
although, significantly, the statutory authority of the AEC to regulate 
safety aspects of such production was retained. The statutory 
authority of the AEC to set standards for the protection of life and 
property was reenacted with additional emphasis. The role of the 
States in industrial safety and workmen’s compensation regulation 
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was not considered in the Atomic Energy Act of 1954, leaving open the 
question of jurisdiction. 

On July 11, 1955 the AEC released Bulletin No. 660 noticing pro- 
posed standards for protection against radiation. These standards 
were made effective on February 28, 1957, and were based ‘upon 
recommendations of the National Committee on Radiation Protection 
and Measurements.! The adoption of these regulations has not 
resulted in uniformity of safety standards. Although the AEC 

rovides safety inspectors who presumably are to police radiation 
acilities, their effectiveness can be measured by the fact that as of 
July 1957 only four inspectors manned the so-called New York opera- 
tion which covered part of New York, all of New Jersey, all of Pennsyl- 
vania and all of Connecticut, an area which included 1,280 licensees 
spread across an area of over 80,000 square miles. Nor have these 
regulations in anywise attempted to suggest minimum standards of 
workmen’s compensation. As was reported to this Convention in an 
earlier report this morning, only one State has a schedule covering 
all pcaeibhe r adiation hazards, only 15 States give full medical benefits. 
Few States have a provision for limitation of time within which the 
action must be commenced and notice given to the employer ‘which 
takes cognizance of the fact that manifestation of radiation injury 
may remain latent for as long as 30 years from date of exposure. 

Even those States which have issued comprehensive regulations 
vary significantly from the standards set by the National Committee 
on oie Protection ? 

. They do not translate rads into rems, the units used in the 
NORP and Federal regulations. 

2. Maximum concentrations of radioactive substances in air 
do not vary with each radioisotope as in the NCRP standards. 

3. The NCRP exceptions to maximum doses are not included 
and there are no separate maxima for local exposure as distin- 
guished from whole body exposure. 

4. Registration of users, which is regarded justifiably by the 
NCRP as a necessary prelude to effective regulation, appears 
not to be required. 

5. Monitoring requirements are vague; locations are to be in- 
spected “at scheduled intervals.” No explicit personnel moni-: 
toring devices or equipment are required to be used under stated’ 
circumstances. 

6. Records of monitoring inspections must be kept but few 
records of individual exposure are required. 

7. Maximum exposure to nonemployees is not prescribed. 

Let us review, then, the record of industrial safety and workmen’s: 
compensation rotection against radiation injury as of 1958: 

The ARC i is licensing an ever increasing number of users of 
tisdleae reactors and uses of radioisotopes by private mndividenly 
and research facilities. 

The AEC has established by rule and regulation minimum 
standards to be adhered to by licensees to protect the health and: 
safety of workers. 


1 The NCRP is recognized by the U.S. Department of Commerce, Bureau of Standards, It is composed 
of Tepresentatives of the AEC and representatives of private professional societies. ! 

PO in an article by George T. Frampton, a member of the Illinois Atomic Power Investigation: 
Commatttes Stanford Law Review, ‘Radiation Exposure as Needed for a National Policy,”” December’ 
1957. 
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The regulations issued by the AEC have not been considered 
mandatory by the States, 

In many States no regulations have been adopted. 

The regulations which have been adopted lack uniformity and 
fall short of the minimum standards recommended by the 
NCRP. 

Safety inspections are inadequate, and the personnel conduct- 
ing such inspections are often unskilled in the new art. 

The AEC has issued no regulations as to minimum standards 
of workmen’s compensation protection. 

No State has adopted fully satisfactory provisions for medical 
treatment and compensation payment to workers exposed to 
radiation. In fact, most States have given no statutory consider- 
ation whatsoever to extending workmen’s compensation to workers 
engaged in this new and growing enterprise. 

It becomes obvious that we have failed to provide the industrial 
worker with protection against the hazards of radiation exposure, 
hazards which multiply. yearly. 

Adequate radiation protection does not lend itself to the multi- 
plicity of standards ae control which ensue when the States are left 


_to regulate the field with insufficient uniform guiding criteria for several 


basic reasons: 

1. The development of peaceful uses of nuclear energy has from 
its inception been recognized as a national concern. Licensin 
of radioisotopes is controlled by the Federal Government, as we 
as design and operating procedures for nuclear reactors. 

2. Shortage of persons trained in the technical aspects of this 
new industry precludes overlapping in evaluation of techniques 
and promulgation of safety codes and precludes the overlapping 
of Federal and State inspections. 

3. The standards for minimum protection and for proper medi- 
cal treatment are subject to change as scientific knowledge and 
industrial experience broadens our understanding of radiation 
hazards. It would be unrealistic to expect the various jurisdic- 
tions to evaluate such advance knowledge and adopt uniform 
amended standards; whereas, a central agency could insure prompt 
expert evaluation and uniformity. 

4. Effective protection requires the maintaining of permanent 
exposure records of workers exposed to radiation in industry. 
Failure of some States to keep such permanent records, or varia- 
tions in standards governing the records, would render ineffective 
this vital control, Central records and standards would obviate 
the complexities caused by temporary or permanent movement 
of workers from State to State. 

5. Centralized records of radiation exposure must be kept to 
keep close check upon the genetic effects of radiation upon the 
population of the Nation as a whole, and to insure that tolerable 
limits are not exceeded. 

6. Unless safety standards are uniform, those States adherin 
to fair standards necessary for the protection of the industria 
workers exposed to radiation would be placed at a severe com- 
petitive disadvantage as against those States which adopt regula- 
tions below the acceptable minimum, or as against States which 
adopt no minimums whatsoever, The importance of this factor 
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is demonstrated by the AEC estimate that construction costs of 
a plant designed to process highly radioactive material amount 
to 12 times the cost of a plant to similarly process nonradioactive 
material. Economic considerations may tempt-marginal-States 
and enterprises to seek standards below those requisite for safe 
operation. 

It has been demonstrated that the Atomic Energy Acts of 1954 and 
1956 have provided the AEC with jurisdiction over radiation hazards 
with power, through the licensing provisions of the acts, to enforce 
minimum standards. It has been demonstrated that the States, 
which have traditional jurisdiction over the industrial safety, health 
and workmen’s compensation programs, have not adequately met the 
problems posed by radiation hazards. 

It is for us; the workmen’s compensation administrators, ‘to’ assume 
the responsibility of devising and recommending adjustments to ex- 
isting industrial safety and workmen’s compensation standards and 
procedures. To the degree that we fail to cope with the specialized 
problems presented by scientific and industrial progress, we endanger 
the continued existence of State controlled workmen’s compensation 
systems. 

Demands have been voiced that a Federal system of workmen's 
compensation preempt industrial safety, medical care, and compensa- 
tion adjudication and payments for workers engaged in radiation 
industries. 

It is submitted and recommended that existing State itidustrial 
safety control and workmen’s compensation facilities can and should 
be preserved if the existing responsibility of the AEC, as expressed in 
the Atomic Energy Act of 1956, is broadened and specified, as follows: 

1. Licensing for construction, operation and use of nuclear 
reactors to remain within the jurisdiction of the AEC. 

2. The AEC to issue codes with minimum requirements as to 
the construction, operation and use of nuclear reactors so as to 
insure the safety of the workers and the community in which such 
reactors are located. 

3. Licensing for possession, handling and use of radioisotopes 
to remain within the jurisdiction of the AEC. 

4. The AEC to issue codes containing minimum requirements 
for possession, handling transportation, and use of radioisotopes 
so as to insure the safety of industrial workers and the community 
in which radioisotopes may be in use or in transport. 

5. The AEC to establish adequate and uniform standards for 
safety supervision and for qualification, tenure, and training of 
safety inspectors, and inspection methods and procedures. 

The necessity for expert guidance and control over safety is 
appreciated when we consider that radiation is silent, invisible, 
tasteless, odorless, and cannot be felt; this hazard requires warn- 
ing through mechanical, chemical, or electronic safety systems. 

6. We recommend that the IAIABC adopt, with due regard 
to the recommendations of the AEC, uniform minimum work- 
men’s compensation standards which will apply to workers ex- 
posed to radiation and who may develop injury due to such 
exposure. These minimum standards to include: 

(a) The maintaining of individual exposure reeords for 
workers exposed to radiation in industry. Sueh records to 





RADIATION HAZARDS AND WORKMEN'S COMPENSATION 237 


include the dates, amount of exposure, name of employer, 
and place of such exposure. These records to be kept at a 
central agency, available to the individual worker. Lifetime 
exposure records are imperative as the incidence of radiation 
on the body is cumulative, that is, repeated permissible doses 
may result in future disability. The cumulative effect de- 
pends upon the type of radiation, duration, intensity of 
exposure, and the direction of the radiation in relationship 
to the various organs of the body. Individuals may have 
varied tolerances and reactions to identical exposure. In 
addition, the permissible tolerance is subject to continual 
ee as experience and research adds to current knowl- 
edge. 

‘inally, as noted previously, centralized radiation exposure 
records must be kept to keep close check upon the genetic 
effects of radiation upon the population as a whole and to 
insure that tolerable limits are not exceeded. 

(6) The monitoring of sources of radiation emissions on a 
regular basis both internally, that is, within the industrial or 
commercial facility, and external, that is, in the community 
within which such facility is situated. 

(c) Unlimited medical care as to cost and duration. No 
worker suffering from injuries of radiation exposure should 
be deprived of the most recent and effective medical atten- 
tion, whatever the cost. In addition, as the knowledge of 
medical treatment of radiation exposure is limited, the 
States should have the authority to supervise such care to 
the extent that there would be assurance that the best 
available procedures are practiced. 

(dq) The time limitation for instituting a workmen’s com- 
pensation claim and notifying the employer of such intention 
commencing from the date that the worker knows or should 
have known that the injury was sustained. The average 
latent period for cancer due to X-ray has been estimated at 
7 years and for cancer due to ionizing radiation, at 25 to 35 
years. It is generally conceded that while some radiation 
effects occur after a short period of latency, the effects of 
prime importance are those which are not immediate. 

(e) The establishment of a radiation injury claim fund in 
each jurisdiction made up of contributions from workmen’s 
compensation insurance carriers licensed to do business in 
the State, and self-insured employers. The amount of such 
contributions to depend upon the best available estimates as 
to current claim potential and to be revised upon experience. 
The cost of ein treatment, temporary and permanent 
disability payments, and the costs of administration to be 
charged to the fund. 

The establishment of such a fund would obviate the 
difficulties presented by cases involving exposures from suc- 
cessive employment in the same State or employment in 
more than one jurisdiction. The burden of the perhaps 
impossible task of assessing liability amongst successive 
employers would be avoided. 
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In view of the cumulative effects of radiation exposure, if 
the risk of workmen’s compensation liability is placed solely 
on the last employer, employers would understandably be 
reluctant to hire workers who have previously had long or 
moderately long experience in radiation mdustries. Within 
a few years those most skilled in the technical enterprise 
would be barred from their usual employment and industry 
would suffer the loss of the best available labor. 

7. It is proposed that the Federal Congress permit the AEC 
to issue licenses contingent upon the States adopting legislation 
including the minimum safety and workmen’s compensation 
requirements outlined above; and providing that if such legis- 
lation is not in effect on or before January 1, 1960; that no new 
licenses be issued to individuals, corporations, research estab- 
lishments, etc., situated in such jurisdictions and that prior 
licenses be recalled until such time as the standards are adopted. 

It is submitted that the adoption of these recommendations would 
provide safety and workmen’s compensation protection to workers’ 
engaged in radiation industries, placing each State on an equal 
competitive footing, and reserving to the States their traditional role 
of administering these programs. 

The IAIABC had been invited to testify before the Joint Congres- 
sional Committee on Atomic Energy in June 1958. These hearings 
have been postponed to January 1959. 

It is recommended that this convention authorize that the [ATABC 
be represented at the congressional hearings to present testimony as 
to the recommendations of this report. 


PART TX 
TITLE 10—ATOMIC ENERGY* 


Cuapter [—Atomic Eneraey COMMISSION 


PART 20—-STANDARDS FOR PROTECTION AGAINST RADIATION 


In July 1955 the Commission issued for public comment a proposed 
regulation to establish general standards for protection of licensees, 
their employees, and the public ge radiation hazards arising out 

a 


of the possession or use of special nuclear, source, or byproduct ma- 
terial under license issued by AEC... In preparing the effective regu- 
lation published below, the Commission has had the benefit of 
numerous comments and suggestions received since publication of 
the proposed rules. A number of changes suggested by those com- 
ments have been incorporated in. the following regulation. 

The regulation establishes standards which must be followed in 
handling radioactive materials which are subject to the licensing 
authority of the Commission and_ provides .procedures whereby 
deviations from such standards may be authorized on a case-to-case 
basis. The regulation prescribes limits which govern exposure of 
personnel to radiation and concentrations of, radioactive material, 
concentrations of radioactive material which may be discharged into 


* (Federal Register, Vol. 22, No. 19, Washington, Jan. 29, 1957] 
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air and water, and disposal of radioactive wastes. It also establishes 
certain precautionary procedures and administrative controls. 

The standards established by this regulation will be found to agree 
substantially with those published by the National Committee on 
Radiation Protection in N.B.S. Handbook 52 ‘““Maximum Permissible 
Amounts of Radioisotopes in the Human Body and Maximum Permis- 
sible Concentrations in Air and Water,’ and N.B.S. Handbook 59 
“Permissible Dose From External Sources of Ionizing Radiation.” 
The National Committee on Radiation Protection has under review 
recommendations to limit cumulative exposures over periods of years. 
The Commission is giving consideration to appropriate amendments 
to its regulations to deal with this cumulative exposure problem. 

Limitations upon levels of radiation and concentrations of radio- 
active material in areas affected by but not controlled by the licensee 
are contained principally in § 20.102 (‘‘Permissible Levels of Radia- 
tion in Unrestricted Areas’’), § 20.103 (‘‘Concentrations in Effluents 
to Unrestricted Areas’’), and the sections on waste disposal. The 
sections are designed to assure that individuals in “unrestricted 
areas’ do not receive exposure in excess of 10 percent of the limits 
established for persons exposed in restricted areas. For this purpose, 
the sections limit levels of radiation and concentrations of radioactive 
material which may be created in unrestricted areas by licensees, 
without special authorization from the AEC, to extremely low levels. 
These levels are believed to be sufficiently low to assure that there 
is no reasonable probability of. individuals in unrestricted areas 
receiving exposures in excess of 10 percent of the permissible levels 
for restricted areas. Procedures are incorporated in those sections, 
however, under which the Commission may authorize licensees in 
specific cases to create higher levels in unrestricted areas where the 
circumstances of the particular case are such as to provide reasonable 
assurance that individuals in the unrestricted areas will not receive 
exposures in excess of 10 percent of the limitation established for 
restricted areas. 

It is believed that the standards incorporated in these regulations 
provide, in accordance with present knowledge, a very substantial 
margin of safety for exposed individuals. It is believed also that the 
standards are practical from the standpoint of licensees. It should 
be emphasized that the standards are subject to change with the de- 
velopment of new knowledge, with significant increase in the average 
exposure of the whole population to radiation, and with further 
experience in the administration of the Commission’s regulatory 
program. 

Pursuant to the Administrative Procedures Act, Public Law 404, 
79th Congress, 2d Session, the following rules are published as a 
document subject to codification to be effective 30 days after pub- 
lication in the Federal Register. 
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PERMISSIBLE DOSES, LEVELS, AND CONCENTRATIONS 


20.101 Exposure of individuals in restricted areas. 

20.102 Permissible levels of radiation in unrestricted areas. 
20.103 Concentrations in effluents to unrestricted areas. 
20.104 Medical diagnosis, therapy, and research. 

20.105 Measures to be taken after excessive exposures. 


PRECAUTIONARY PROCEDURES 
20.201 Surveys. 
20.202 Personnel monitoring. 
20.203 Caution signs, labels, and signals. 
20.204 Exceptions from posting requirements. 
20.205 Exemptions for radioactive materials packaged for shipment. 
20.206 Instruction of personnel. 
20.207 Storage of licensed material. 


WASTE DISPOSAL 


20.301 General requirement. 

20.302 Method for obtaining approval of proposed disposal procedures . 
20.303 Disposal by release into sanitary sewerage systems. 

20.304 Disposal by burial in soil. 


RECORDS, REPORTS, AND NOTIFICATION 


20.401 Records of surveys, radiation monitoring, and disposal. 
20.402 Reports of theft or loss of licensed material. 


EXCEPTIONS AND ADDITIONAL REQUIREMENTS 


20.501 Applications for exemptions. 
20.502 Additional requirements. 


ENFORCEMENT 
20.601 Violations. 


AvutHority: §§ 20.1 to 20.601 issued under sec. 161 (b), 68 Stat. 948, 42 
U.S.C. 2201. 


GENERAL PROVISIONS 


§ 20.1 Purpose. (a) The regulations in this part establish stand- 
ards for protection against radiation hazards arising out of activities 
under licenses issued by the Atomic Energy Commission and are 
issued pursuant to the Atomic Energy Act of 1954 (68 Stat. 919). 

(b) The use of radioactive sntabtel Ge other sources of radiation not 
licensed by the Commission is not subject to the regulations in this 
part. However, it is the purpose of the regulations in this part to 
control the possession, use, and transfer of hcensed material by any 
licensee in such a manner that exposure to such material and to radia- 
tion from such material, when added to exposures to unlicensed radio- 
active material and to other unlicensed sources of radiation in the 
possession of the licensee, and to radiation therefrom, does not exceed 
the standards of radiation protection prescribed in the regulations in 
this part. 

§ 20.2 Scope. The regulations in this part apply to all persons who 
receive, possess, use or transfer byproduct material, source material, 
or special nuclear material under a general or specific license issued by 
the Commission pursuant to the regulations in Part 30, 40, or 70 of this 
chapter. 

§ 20.3 Definitions. (a) As used in this part: 

(1) “Act” means the Atomic Energy Act of 1954 (68 Stat. 919) 
including any amendments thereto; 
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(2) ‘“‘Airborne radioactive material’ means any radioactive material 
dispersed in the air in the form of dusts, fumes, mists, vapors, or gases; 

(3) “Byproduct material’? means any radioactive material (except 
special nuclear material) yielded in or made radioactive by exposure 
to the radiation incident to the process of producing or utilizing special 
nuclear material; 

(4) “Commission”? means the Atomic Energy Commission or its 
duly authorized representatives ; 

(5) ‘““Government agency”? means any executive department, com- 
mission, independent establishment, corporation, wholly or partly 
owned by the United States of America which is an instrumertality 
of the United States, or any board, bureau, division, service, office, 
officer, authority, administration, or other establishment in the execu- 
tive branch of the Government; 

(6) “Individual” means any human being; 

(7) ‘Licensed material” means source material, special nuclear 
material, or byproduct material received, possessed, used, or trans- 
ferred under a general or specific license issued by the Commission 
pursuant to the regulations in this chapter; 

(8) ‘License’? means a license issued under the regulations in 
Part 30, 40, or 70 of this chapter. ‘‘Licensee’’ means the holder of 
such license; 

(9) ‘‘Person’’ means (i) any individual, corporation, partnership, 
firm, association, trust, estate, public or private institution, group, 
Government agency other than the Commission, any State, any 
foreign government or nation or any political subdivision of any suc 
government or nation, or other entity; and (ii) any legal successor, 
representative, agent, or agency of the foregoing; 

(10) ‘‘Radiation’’ means any or all of the following: alpha rays, 
beta rays, gamma rays, X-rays, neutrons, high-speed electrons, high- 
speed protons, and other atomic particles; but not sound or radio 
waves, er visible, infrared, or ultraviolet light; 

(11) ‘‘Radioactive material’? includes any such material whether 
or not subject to licensing control by the Commission; 

(12) ‘‘Restricted area’”’ means any area access to which is controlled 
by the licensee. ‘Restricted area” shall not include any areas used 
as residential quarters, although a separate room or rooms in a resi- 
dential building may be set apart as a restricted area; 

(13) ‘Source material’? means any material except special nuclear 
material, which contains by weight one-twentieth of one percent (0.05 
percent or more of (i) uranium, (ii) thorium, or (iii) any combination 
thereof; 

(14) “Special nuclear material” means (i) plutonium, uranium 233, 
uranium enriched in the isotope 233 or in the isotope 235, and any 
other material which the Commission, pursuant to the provisions of 
section 51 of the act, determines to be special nuclear material, but 
does not include source material; or (ii) any material artificially en- 
riched by any of the foregoing but does not include source material; 

(15) “Unrestricted area” means any area entry into which is not 
controlled by the licensee, and any area used for residential quarters. 

(b) Definitions of certain other words and phrases as used in this 
part are set forth in other sections, including: 

(1) “Airborne radioactivity area” defined in § 20.203; 

(2) “Radiation area” and “high radiation area” defined in § 20.202; 
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(3) “Personnel monitoring equipment” defined in § 20.202; 

(4) “Survey” defined in § 20.201; 

(5) Units of measurement of dose (rad, rem) defined in § 20.4; 

(6) Units of measurement of radioactivity defined in § 20.5. 

§ 20.4 Units of radiation dose. (a) ‘Dose,’’ as used in this part, 
is the quantity of radiation absorbed, per unit of mass, by the bbily 
or by any portion of the body. When the regulations in this part 
specify a dose during a period of time, the dose means the total quan- 
tity of radiation absorbed, per unit of mass, by the body or by any 
portion of the body during such period of time. Several different 
units of dose are in current use. Definitions of units as used in this 
part are set forth in paragraphs (b) and (c) of this section. 

(b) The rad, as used in this part, is a measure of the dose of any 
ionizing radiation to body tissues in terms of the energy absorbed per 
unit mass of the tissue. One rad is the dose corresponding to the 
absorption of 100 ergs per gram of tissue. (One millirad (mrad)= 
0.001 rad.) 

(c) The rem, as used in the part, is a measure of the dose of any 
ionizing radiation to body tissue in terms of its estimated biological 
effect relative to a dose of one roentgen (r) of X-rays. (One millirem 
(mrem)=0.001 rem.) ‘The relation of the rem to other dose units 
depends upon the biological effect under consideration and upon the 
conditions of irradiation. For the purpose of the regulations in this 
part, any of the following is considered to be equivalent to a dose of 
one rem: 

(1) A dose of 1 r due to X— or gamma radiation; 

(2) A dose of 1 rad due to X—, gamma, or beta radiation; 

(3) A dose of 0.1 rad due to neutrons or high energy protons; 

(4) A dose of 0.05 rad due to particles heavier than protons 

and with sufficient energy to reach the lens of the eye; 

If it is more convenient to measure the neutron flux, or equivalent, 
than to determine the neutron dose in rads, as provided in subpara- 
graph (3) of this paragraph, one rem of neutron radiation may, for 
purposes of the regulations in this part, be assumed to be equivalent 
to 14 million neutrons per square centimeter incident upon the body; 
or, if there exists sufficient information to estimate with reasonable 
accuracy the approximate distribution in energy of the neutrons, the 
incident number of neutrons per square centimeter equivalent to one 
rem may be estimated from the following table: 
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§ 20.5 Units of radioactinty. (a) Radioactivity is commonly, and 
for purposes of the regulations in this part shall be, measured in terms 
of disintegrations per unit time or in curies. One curie (c)=3.7 X10" 
disintegrations per second (dps)=2.210* disintegrations per min- 
ute (dpm). A commonly used submultiple of the curie is the micro- 
curie (uc). One swe=0.000001 c=3.7 x 10* dps=2.2 10* dpm. 

Note: Many radioisotopes disintegrate into isotopes which are also radio- 
active. In expressing maximum permissible concentrations in air and water of 
these materials, as in Appendix B of this part, the activity stated is that of the 
parent isotope. In some eases, the fact that daughter products may contribute 
to the total dose has been taken into account in the determination of the maxi- 
mum permissible concentration of the parent isotopes. In the tables of Appendix 
B of this part this is indicated by writing Ba'+ La’, SrY+Y", Rn”-+-dr, 
Ra”*-+-44 dr, ete. 

Examp.e. In Column 1, Table I, Appendix B the maximum permissible con- 
centration of Ba’ in air for occupational use is 2+10—ac/ml. This is the maxi- 
mum permissible concentration regardless of whether or not any of the La! 
which may have resulted from the decay of the Ba“ is present or not. How- 
ever, the value given for BA’ is less than it would be if La were a stable 
isotope, not only because of the possibility of La’ in the air but principally be- 
cause, if the Ba’ is inhaled, its radioactive decay in the body will result in the 
production of La” in the body. 

(b) Radon. Airborne radioactivity of radon and its decay products 
may be determined by measurement of the activity of one or more 
decay products on dust filtered from the air. For Pern of the 
regulations in this part, the limit prescribed here will be considered 
to be met if the measured radioactivity of one or more decay products 
(for example, RaC’) does not exceed that which would result from 
the occurrence, at the time of sampling, of 1 x 10~? microcuries, per milli- 
liter of air, of Rn* and each of its short-lived decay products, RaA, 
RaB, RaC, and RaC’. For this purpose, due allowance shall be 
made for changes in the radioactivity of the measured decay products 
from time of sampling through the period of measurement. 

(c) Natural uranium and natural thorium. Natural uranium and 
natural thorium occur as mixtures of isotopes of the respective ele- 
ments. In the case of uranium or of thorium, the number of micro- 
curies shall be determined by dividing the total rate, in dpm, of alpha 
emissions from the mixture by 2.2X10°dpm peryc. 

§ 20.6 Interpretations. Except as specifically authorized by the 
Commission in writing, no interpretation of the meaning of the regu- 
lations in this part by any officer or employee of. the Commission 
other than a written interpretation by the General Counsel will be 
recognized to be binding upon the Commission. 

§ 20.7 Communications. All communications and reports con- 
cerning the regulations in this part, and applications filed under them, 
should be addressed to the Atomic Energy Commission, 1901 Con- 
stitution Avenue NW., Washington 25, D.C., Attention: Division 
of Civilian Application. 


PERMISSIBLE DOSES, LEVELS, AND CONCENTRATIONS 


§ 20.101 Exposure of individuals in restricted areas—(a) Exposure 
to radiation. (1) Except as provided in subparagraph (2) of this 
paragraph, no licensee shall possess, use, or transfer licensed material 
in such a manner as to cause any individual in a restricted area to re- 
ceive in any period of seven consecutive days from radioactive mate- 
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rial and other sources of radiation in the licensee’s possession a dose in 
excess of the limits specified in Appendix A of this part. 

(2) A licensee may permit an individual in a restricted area to re- 
ceive a dose in excess of the limits established in subparagraph (1) of 
this paragraph: Provided, (i) That the dose during any period of 7 con- 
secutive days does not exceed three times the limits specified in 
Appendix A of this part, and (ii) that the dose during any period of 
13 consecutive weeks does not exceed 10 times the limits specified in 
Appendix A of this part. 

(b) No licensee shall possess, use or transfer licensed material in 
such a manner as to cause any individual in a restricted area to be 
exposed to airborne radioactive material possessed by the licensee in 
an average concentration in excess of the limits specified in Appendix 
B, Table I, of this part. 

The limits given in Appendix B, Table I of this part, are based 
upon exposure to the concentrations specified for forty hours in any 
period of seven consecutive days, In any such period where the 
number of hours of exposure is less than forty, the limits specified in 
the table may be increased proportionately. In any such period, 
where the number of hours of exposure is greater than forty, the limits 
specified in the table shall be decreased proportionately. 

(c) Exposure of minors. No licensee shall possess, use, or transfer 
licensed material in such a manner as to cause any individual under 
18 years of age within a restricted area to receive in any period of 
seven consecutive days from radioactive material and other sources 
of radiation in the licensee’s possession a dose in excess of 10 percent 
of the limits specified in Appendix A of this part, or to be exposed 
to airborne radioactive material possessed by the licensee in a con- 
centration in excess of the limits specified in Appendix B, Table IT, 
of this part. For purposes of this paragraph, concentrations may be 
averaged over periods not greater Keir a week. 

§ 20.102 Permissible levels of radiation in unrestricted areas. (a) 
There may be included in any application for a license or for amend- 
ment of a license proposed limits upon levels of radiation in un- 
restricted areas resulting from the applicant’s possession or use of 
radioactive material and other sources of radiation. Such applica- 
tions should include information as to anticipated average radiation 
levels and anticipated occupancy times for each unrestricted area 
involved. The Commission will approve the proposed limits if the 
applicant demonstrates that the proposed limits are not likely to cause 
any individual to receive a dose in any period of seven consecutive 
days in excess of 10 percent of the limits specified in Appendix A of 
this part. 

(b) Except as authorized by the Commission pursuant to para- 

aph (a) of this section, no licensee shall possess, use, or transfer 
icensed material in such a manner as to create in any unrestricted 
area from radioactive material and other sources of radiation in his 
possession : 

(1) Radiation levels which, if an individual were continuously pres- 
ent in the area, could result in his receiving a dose in excess of two 
millirems in any one hour, or 

(2) Radiation levels which, if an individual were continuously pres- 
ent in the area, could result in his receiving a dose in excess of 100 
millirems in any seven consecutive days. 
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20.103 Concentrations in effluents to unrestricted areas. (a) There 
may be included in any application for a license or for amendment of 
a license proposed limits upon concentrations of licensed and other 
radioactive material released into air or water in unrestricted areas 
as a result of the applicant’s proposed activities: Such applications 
should include information as to anticipated average concentrations 
and anticipated occupancy times for each unrestricted area involved. 
The Commission will approve the proposed limits if the applicant 
demonstrates that it is not likely. that any individual will be exposed 
to concentrations in excess of the limits specified in Appendix B, 
Table II, of this part. For purposes of this paragraph, concentrations 
may be averaged over periods not greater than one vear. 

(b) Except as authorized by the Commission pursuant to § 20.302 
or paragraph (a) of this section, no licensee shall possess, use, or 
transfer licensed material in such a manner as to release into air or 
water in any unrestricted area any concentration of radioactive 
material in excess of the limits specified in Appendix B, Table II of 
this part. For purposes of this paragraph, concentrations may be 
averaged over periods not greater than one year. 

(ce) For purposes of this section, determinations as to the concentra- 
tion of radioactive material shall be made with respect to the point 
where such material leaves the restricted area. Where the radioactive 
material leaves the restricted area in a stack, tube, pipe, or similar 
conduit, the determination may be made with respect to the point 
where the material leaves such conduit. 

(d) The provisions of this section do not apply to disposal of 
radioactive material into sanitary sewer systems (see § 20.303). 

§ 20.104 Medical diagnosis, therapy, and research. Nothing in the 
regulations in this part shall be interpreted as limiting the intentional 
exposure of patients to radiation for the purpose of medical diagnosis 
or medical therapy. 

§20.105 Measures to be taken after excessive exposures. Intheevent 
that any individual in a restricted area receives a dose or is exposed to 
concentrations of radioactive material in excess of the permissible 
limits established in § 20.101, the licensee shall limit the weekly dose 
or exposure of the individual to 10 percent of such permissible limit 
until such time as the average weekly dose or exposure to the in- 
dividual for the period beginning with the week in which the excessive 
dose or exposure occurred is less than the permissible limit estab- 
lished in § 20.101. 

PRECAUTIONARY PROCEDURES 


§ 20.201 Surveys. (a) As used in the regulations in this part, 
“survey”? means an evaluation of the radiation hazards incident to 
the production, use, release, disposal, or presence of radioactive 
materials or other sources of radiation under a specific set of condi- 
tions. When appropriate, such evaluation includes a physical survey 
of the location of materials and equipment, and measurements of levels 
of radiation or concentrations of radioactive material present. 

(b) Each licensee shall make or cause to be made such surveys as 
may be nécessary for him to comply with the regulations in this part. 
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§ 20.202 Personnel monitoring. (a) Each licensee shall supply 
appropriate personnel monitoring equipment to, and shall require the 
use of such equipment by: 

(1) Each individual who enters a restricted area under such cir- 
cumstances that he receives, or is likely to receive, a dose in excess 
of 25 percent of the limits specified in Appendix A of this part; 

(2) Each individual who enters a high radiation area. 

(b) As used in this part, 

(1) “Personnel monitoring equipment means devices designed to 
be worn or carried by an individual for the purpose of measuring 
the dose received (e.g., film badges, pocket. chambers, pocket dosim- 
eters, film rings, etc.); 

(2) “Radiation area’ means any area, accessible to personnel, 
in which there exists radiation, originating in whole or in part within 
licensed material, at such levels that a major portion of the body 
could receive in any one hour a dose in excess of 5 millirem, or in any 
5 consecutive days a dose in excess of 150 millirem; 

(3) “High radiation area’? means any area, accessible to personnel, 
in which there exists radiation originating in whole or in part within 
licensed material at such levels that a major portion of the body 
could receive in any one hour a dose in excess of 100 millirem; 

§ 20.203 Caution signs, labels, and signals. (a) (1) Except as 
otherwise authorized by the Commission, symbols prescribed by this 
section shall use the conventional radiation caution colors (magenta 
or purple on yellow background). The symbol prescribed by this 
section is the conventional three-bladed desiga: 


RapDIATION SYMBOL 


1. Cross-hatched area is to be magenta or purple. 
2. Background is to be yellow. 


f 
yt 
| 


. 


(2) In addition to the contents of signs and labels prescribed in 
this section, licensees may provide on or near such signs and labels 
any additional information which may be appropriate in aiding in- 
dividuals to minimize exposure to radiation or to radioactive material. 
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(b) Radiation areas. Each radiation area shall be conspicuously 
posted with a sign or signs bearing the radiation caution symbol and 
the words: 


CAUTION ! 
RADIATION AREA 


(c) High radiation areas. (1) Each high radiation area shall be 


conspicuously posted with a sign or signs bearing the radiation cau- 
tion symbol and the words: 


CAUTION ! 
HIGH RADIATION AREA 


(2) Each high radiation area shall be equipped with a control device 
which shall either cause the level of radiation to be reduced below 
that at which an individual might receive a dose of 100 millirem in 
one hour upon entry into the area or shall energize a conspicuous 
visible or audible alarm signal in such a manner that the individual 
entering and the licensee or a supervisor of the activity are made 
aware of the entry. In the case of a high radiation area established 
for a period of 30 days or less, such control device is not required. 

(d) Airborne radioactivity areas. (1) As used in the regulations in 
this part, ‘airborne radioactivity area” means (i) any room, enclosure, 
or operating area in which airborne radioactive materials, composed 
wholly or partly of licensed material, exist in concentrations in excess 
of the amounts specified in Appendix B, Table I, Column 1 of this 
part; or (ii) any room, enclosure, or operating area in which airborne 
radioactive material composed wholly or partly of licensed material 
exists in concentrations which, averaged over the number of hours in 
any week during which individuals are in the area, exceed 25 percent 
of the amounts specified i in Appendix B, Table I, Column 1 of this part, 

(2) Each airborne radioactivity area shall be conspicuously posted 
with a sign or signs bearing the radiation caution symbol and the 
words: 


CAUTION ! 


AIRBORNE RADIOACTIVITY AREA 


(e) Additional requirements. (1) Each area or room in which 
licensed material is used or stored and which contains any radio- 
active material (other than natural uranium or thorium) in an amount 
exceeding 10 times the quantity of such material specified in Appendix 
C of this part shall be conspicuously posted with a sign or signs 
bearing the radiation caution symbol and the words: 


CAUTION ! 
RADIOACTIVE MATERIAL(S) 


(2) Each area or room in which natural uranium or thorium is 
used or stored in an amount exceeding one-hundred times the quantity 
specified in Appendix C of this part shall be conspicuously posted 


with a sign or signs bearing the radiation caution symbol and the 
words: 


1 Or “Danger’’. 
34434—59——_17 
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CAUTION ! 


RADIOACTIVE MATERIAL(S) 


(f) Containers. (1) Each container in which is transported, stored, 
or used a quantity of any licensed material (other than natural uranium 
or thorium) greater than the quantity of such material specified in 
Appendix C of this part shall bear a durable, clearly visible label 
bearing the radiation caution symbol and the words: 


CAUTION ! 


RADIOACTIVE MATERIAL 


(2) Each container in which natural uranium or thorium is trans- 
ported, stored, or used in a quantity greater than ten times the quan- 
tity specified in Appendix C of this part shall bear a durable, clearly 
visible label bearing the radiation caution symbol and the words: 


CAUTION ! 


RADIOACTIVE MATERIAL 


(3) Notwithstanding the provisions of subparagraphs (1) and (2) 
a label shall not be required: 

(i) If the concentration of the material in the container does not 
exceed that specified in Appendix B, Table I, Column 2 of this part, or 

(ii) For laboratory containers, such as beakers, flasks and test 
tubes, used transiently in laboratory procedures, when the user is 
present. 

(4) Where containers are used for storage, the labels required in 
this paragraph shall state also the quantities and kinds of radioactive 
materials in the containers and the date of measurement of the 
quantities. 

§ 20.204 Exceptions from posting requirements. Notwithstanding 
the provisions of § 20.203, 

(a) A room or area is not required to be posted with a caution sign 
because of the presence of a sealed source provided the radiation level 
twelve inches from the surface of the source container or housing 
does not exceed five millirem per hour. 

(b) Rooms or other areas in hospitals are not required to be posted 
with caution signs because of the presence of patients containing 
byproduct material provided that there are personnel in attendance 
who shall take the precautions necessary to prevent the exposure of 
any individual to radiation or radioactive material in excess of the 
limits established in the regulations in this part. 

(c) Caution signs are not required to be posted at areas or rooms 
containing radioactive materials for periods of less than eight hours 
provided that (1) the materials are constantly attended during such 
periods by an individual who shall take the precautions necessary to 
prevent the exposure of any individual to radiation or radioactive 
materials in excess of the limits established in the regulations in this 
part and; (2) such area or room is subject to the licensee’s control. 


1 Or “Danger’’. 
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§ 20.205 Exemptions for radioactive materials kaged for ship- 
ment. Radioactive materials packaged and labeled in accordance 
with regulations of the Interstate Commerce Commission shall be 
exempt from the labeling and posting requirements of § 20.203 dur- 
ing shipment, provided that the imside containers are labeled in 
accordance with the provisions of § 20.203(f). 

§ 20.206 Instruction of personnel. All individuals working in or 
frequenting any portion of a restricted area shall be informed of the 
occurrence of radioactive materials or of radiation in such portion, 
and shall be instructed in the hazards of excessive exposure to such 
materials or radiation and in precautions or procedures to minimize 
exposure. 

§ 20.207 Storage of licensed material. Licensed materials stored 
in an unrestricted area shall be secured against unauthorized removal 
from the place of storage. 


WASTE DISPOSAL 








§ 20.301 General requirement. No licensee shall dispose of licensed 
material except: 

(1) By transfer to an authorized recipient as provided in the regu- 
lations in Part 30, 40, or 70 of this chapter, whichever may be 
applicable; or 

(2) As authorized pursuant to § 20.302; or 

(3) As provided in § 20.303 or § 20.304, applicable respectively to 
the disposal of licensed material by release into sanitary sewerage 
systems or burial in soil, or in § 20.103 (Concentrations in Effluents 
to Unrestricted Areas), 

§ 20.302 Method for obtaining approval of proposed disposal proce- 
dures. Any licensee or applicant for a license may apply to the Com- 
mission for approval of proposed procedures to dispose of licensed 
material in a manner not otherwise authorized in the regulations in 
this chapter. Each application should include a description of the 
licensed material and any other radioactive material involved, in- 
cluding the quantities and kinds of such material and the levels of 
radioactivity involved, and the proposed manner and conditions of 
disposal. The application noah o include an analysis and eval- 
uation of pertinent information as to the nature of the environment, 
including topographical, geological, meteorological, and: hydrelogical 
characteristics; usage of ground and surface waters in the general area; 
the nature and location of other potentially affected facilities; and 
procedures to be observed to minimize the risk of unexpected or 
hazardous exposures. 

§ 20.303 Disposal by release inte sanitary, sewerage systems. No li- 
censee shall discharge licensed material into a sanitary sewerage 
system unless: 

(a) It is readily soluble or dispersible in water; and 

(b) The quantity of any licensed or other radioactive material re- 
leased into the system by the:licensee in any one day does not exceed 
the larger of subparagraphs (1) or (2) of this paragraph: 

(1) The quantity which, if diluted by the average daily ee 
of sewage released into the sewer by the licensee, will result in an 
average concentration equal to the limits specified in Appendix B, 
Table I, Column 2 of this part; or 
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(2) Ten times the quantity of such material specified in Appendix 
C of this part; and 

(c) The quantity of any licensed or other radioactive material 
released in any one month, if diluted by the average monthly quantity 
of water released by the licensee, will not result in an average con- 
centration exceeding the limits specified in Appendix B, Table I, 
Column 2 of this part; and 

(d) The gross quantity of licensed and other radioactive material 
released into the sewerage system by the licensee does not exceed 
one curie per year. 


Excreta from individuals undergoing medical diagnosis or therapy 
with radioactive material shall be exempt from any limitations con- 
tained in this section. 

§ 20.304 Disposal by burial in soil. No licensee shall dispose of 
licensed material by burial in soil unless: 

(a) The total quantity of licensed and other radioactive materials 
buried at any one location and time does not exceed, at the time of 
a 1,000 times the amount specified in Appendix C of this part; 
an 

(b) Burial is at a minimum depth of four feet; and 

(c) Successive burials are separated by distances of at least six 
feet and not more than 12 burials are made in any year. 


RECORDS, REPORTS, AND NOTIFICATION 


§ 20.401 Records of surveys, radiation monitoring, and disposal. 
(a) Each licensee shall maintain records showing the radiation ex- 
posures of all individuals subject to personnel monitoring control 
under § 20.202 of the regulations in this part. 

(b) Each licensee shall maintain reenda showing the name of each 
individual exposed to radiation pursuant to § 20.101(a)(2) and the 
weekly dose of each such individual for the 13 consecutive weeks of 
highest cumulative weekly dose. 

(c) Each licensee shall maintain records in the same units used in 
the appendices to this part, showing the results of surveys required 
by §20.201(b), and disposals made under §$§ 20.302, 20.303, and 
20.304. 

§ 20.402 Reports of theft or loss of licensed material. Each licensee 
shall report promptly to the Commission after its occurrence becomes 
known to the licensee any loss or theft of licensed material in such 
quantities and under such circumstances that it appears to the 
hcensee that a substantial hazard may result to persons in unrestricted 
areas. 

EXCEPTIONS AND ADDITIONAL REQUIREMENTS 


§ 20.501 Applications for exemptions. The Commission may, upon 
application by any licensee or upon its own initiative, grant such 
exemptions from the requirements of the regulations in this part as 
it determines are authorized by law and will not result in undue hazard 
to life or property. 

§ 20.502 Additional requirements. The Commission may, by rule, 
regulation, or order, impose upon any licensee such requirements, in 
addition to those established in the regulations in this part, as it deems 
appropriate or necessary to protect health or to minimize danger te 
life or property. 
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ENFORCEMENT 


§ 20.601 Violations. An injunction or other court order may be’ 
obtained prohibiting any violation of any provision of the act or any 
regulation or order issued thereunder. Any person who willfully 
violates any provision of the act or any regulation or order issued 
thereunder may be guilty of a crime and, upon conviction, may be 
punished by fine or imprisonment or both, as provided by law. 


APPENDIX A 


Permissible weekly dose 


Conditions of exposure Dose in critical organs (mrem) 


Skin, at 
Parts of body ; basal ; 
ayer 0 
epidermis 


Whole body Any radiation with half-value- 
layer greater than 1 mm of 
soft tissue. 

Whole body Any radiation with half-value- 
layer less than 1 mm of soft 


tissue. 
Hands and forearms or feet and | Any radiation 
ankles or head and neck. 


1 For exposures of the whole body to X or gamma rays up to 3 mev, this condition may be assumed to be 
met if the “air dose’ does not exceed 300 mr, provided the dose to the gonads does not exceed 300 mrem. 
“Air dose” means that the dose is measured by an appropriate instrument in air in the region of highest 
dosage rate to be = by an individual, without the presence of the human body or other absorbing 
and scattering material. 


2 apaeare of these limited portions of the body under these conditions does not alter the total weekly 
dose of 300 


mrem permitted to the bloodforming organs in the main portion of the body, to the gonads, or 
to the lens of the eye. 


AppEeNDIx B 
Permissible concentrations in air and water above natural background 


Column 22 
Water (3) 


See footnotes at end of table, p. 252. 
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AppenDix B—Continued 


Permissable concentrations in air and water above natural background—Continued 
Table I Table IE 


Material Ee ites ous 
Column 1! | Column2? | Column1! | Column 2? 


Air (2) Water (3) Air (2) Water (3) 


7X15 5X<10-1 2.5xi0-* 1. een 
1X10-4 70 3X19-7 
9x10 9X10-5 3X10-10 
. 2X10 4x10? 7X10" 
.5X10-7 2.7X10-% 5X10 
6X10-% 2X1C~" 
4X10-* .4X107 
.5X10-8 5X10 
8X10 3x10-7 
5X10" 40 -8X10-4 
5x10-% .6xX10-7 
.3XK10-% ‘ 4x18 
5X10-5 .6X10-¢ 
4X10-7 .4X10-% 
2X10-6 6x10" 
2X10-* 7X10-8 
6x10-7 3 2xX10-* 
6X10-10 2X10-u 
2X10-10 7X10-2 
2.310% 1 7X10-% 
Pus (soluble) 6X10-12 2X10-8 
Puts pimmeeable) 6X109-2 2X10-8 
2.4X10-11 1.2X10-7 8X10-8 
1.1X10-% 9X10-3 4x<10°8 
2.4x<10-+ 2.4x<10-4 8x<1le"7 
3X10-4 510-2 1X10" 
1X10" 6X10-4 3.310-7 
8X10-% 4xX10-1 2.6x107 
3X10-6 1.5X10-% 1x10" 
2X10" 1 7x10? 
4X10-* 6X10-! 13x10" 
. 7X10-4 5X<10-1 6X10-% 
6X10-% 2x10 2x10" 
6X10-10 2.4X10-* 2X10-1! 8X10-* 
8X10-4 8X10 3X10-7 3X10“ 
3x<107 8x10? 1X10-% 3x10" 
.2X107 s 4x10-? 1X10" 
2X10-* 6x10-% 2X10-1 
5xX10-1! : 1.7X10-12 
5X10- L7X10-2 
.5X10”7 ; 5X10 
§X10-1 .7X10-2 
5X10-11 .7X10-2 
Us (oa 4X10-10 4. 1X1e-u 
U23 (insoluble) 5Xi-u -6X10-2 
3X10-4 , 1X10-° 
.3X10-5 . 4x10"? 
5X10-4 .7X107 
.2X107 4X10? 
6X10-4 2x10-7 


mideutitied “peta or gamma emitters or any 

undetermined mixtures of beta or gamma 

nh cert LDS candace ai ein ciinseninies cena ale eg ogldies ee 1X10 
Unidentified alpha emitters or any undeter- 

mined mixtures of alpha emitters 5X10-2 


concentratioris are given in microcuries milliliter of air. 
2 Water concentrations are given in mi per milliliter of water. These figures also apply to food- 
ne in microcurtes per gram (wet-weight). 
enriched uranium the same radioactivities per unit volume as those for natural uranium are 
cable. It should be noted that the contribution of U-234 to the gross activity of enriched uranium is 
times that of the U-235. 
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APPENDIX C 


| 


1 


Ge’ 
H3(HTO or H3,0) 
pa 





Unidentified radioactive materials or 
any of the above in unknown mixtures_ 


Qi 
if 
 S--5-S-B88S.5.-55-55--8-55Se-50558 | 8 
~ _ ~ ~~ 


1 
10 
10 
10 
10 

1 
50 
50 
10 
10 

1 

1 

1 
50 

1 
50 

1 
50 
50 

1 
10 
50 

250 

1 
10 
10 
10 

1 
50 
10 
10 
10 
10 

1 

1 
10 


Nore: The record keeping and reporting requirements contained herein have 
been approved by the Bureau of the Budget in accordance with the Federal 
Reports Aet of 1942. 

Norte: For purposes of §§ 20.203 and 20.304, where there is involved a combi- 
nation of isotopes in known amounts the limit for the eombination should be 
derived as follows: Determine, for each isotope in the combination, the ratio 
between the quantity present in the combination and the limit otherwise estab- 
lished for the specific isotope when not in combination. The sum of such ratios 
for all the isotopes in the combination may not exceed ‘‘1’’ (i. e., “unity’’). 

ExamPue: For purposes of § 20.304, if a particular batch contains 2,000 ye of 
Au! and 25,000 ye of C4, it may also include not more than 3,000 wc of I. This 
limited was determined as follows: 


2,000 ye Aum , 25,000 pe vg 3,000 pe ae 
10,000 ye 50,000 ye 10,000 ye 


The denominator in each of the above ratios was obtained by multiplying the 
figure in the table by 1000 as provided in § 20.304, 


[F. R. Doc. 57-511; Filed, Jan. 25, 1957; 12:30 p. m.] 


Dated at Weegee. D.C., this 16th day of January 1957. 
For the Atomic Energy Commission. 
K. E. Freups, 


General Manager. 
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PART X 


A SUMMARY OF ACCIDENTS AND INCIDENTS INVOLVING 
RADIATION IN ATOMIC ENERGY ACTIVITIES, PREPARED 
BY THE ATOMIC ENERGY COMMISSION 


JuNE 1945 THrovcnu DecEemMBER 1955 


This report has been reproduced directly from the best available 
copy. 
PREFACE 


The motto on the Archives Building in Washington—‘Study the 
Past—What Is Past Is Prologue’’—should be equally applicable to the 
accidents which have occurred in the atomic energy program. This 
paper is written to set down the past so that full benefit may be 
obtained from the experience gained as a result of accidents which 
have occurred. 

There are three broad classifications of accidents in the atomic 
energy program. In the first group, and by far the most numerous, 
are those in no way related to atomic energy. Falls, electrocutions, 
motor vehicle accidents, and construction equipment accidents com- 
prise the majority of accidents in this classification. 

The second classification includes those accidents which are some- 
what peculiar to the atomic energy industry in that the materials or 
the processes are closely related to the program and possibly not in 
widespread use outside the industry.’ 

The third classification includes those accidents in which radiation 
is the prime or at least a major factor. This report will deal with this 
classification. 

Before reading the text and drawing any conclusions, the reader 
must thoroughly understand the basic difference between the radia- 
tion safety program which started with the Manhattan Engineer Dis- 
trict, and which has been carried forward by the Atomic Energy 
Commission, and all other safety programs as we know them. 

In industry generally, safety regulations have grown out of a num- 
ber of serious accidents related to a particular cause. Finally, public 
opinion has reacted and a safety program has been designed to reduce 
the number of accidents from this specific cause. 

Prior to the commencement of work on the atomic bomb, radiation 
accidents and injuries in industry were relatively few. These cases 
were sufficiently serious, however, to point out the necessity for 4 
stringent radiation safety program right from the start. Hume 
nature being what it, is, many people consider a period of trial and 
error to be a necessary evil in the control of traumatic injury. Be- 
cause of the long-range possibilities of radiation injury, however, the 
trial-and-error method was not at all acceptable. From the begin- 
ning, the policy was ‘‘to maintain strict control over the manner and 
methods of work * * * which should result in the prevention of all 
the conditions associated with delayed injurious effects.’’? 


1 In the section ‘‘Fires’”’ there are a number of instances which fall partially in the second and third cate- 

a. No attempt has been made, therefore, to record every fire here, but a representative sampling has 
een included. 

Os “Industrial Medicine on the Plutonium Project,” edited by Robert S. Stone, McGraw-Hill Book 
0., Inc., 1951. 
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For this reason, the report cannot be considered in the same light 
as, would be. a report, for instance, of all.of the explosions which took 
place as steam boilers were developed to their present level. Consid- 
eration must be given to the hundreds of hazard evaluation studies 
which were made in one form or another and which provided viear- 
iously the knowledge which, in earlier times, was gained at the cost of 
human suffering and property damage. 

It must be realized, therefore, that the comparatively few incidents here 
cited form the total of the unfavorable incidents * over a period of 11 years 
in this field, in which upwards of 800,000 people were engaged at the peak. 

The principal lesson to be drawn is that, if the record of safe opera- 
tion is to be maintained, we cannot slip back into old-fashioned meth- 
ods of hazard evaluation by bitter experience only. 

The effect of hazard evaluation on the overall safety program. is 
evidenced by the fatality record which is a good single index of safety 
performance on a project of this size. During the years 1943-55, the 
atomic energy program suffered 184 fatalities. This is exactly half 
the number of fatalities that would have occurred had the atomic 
energy program incurred fatal accidents at the rate reported. by, the 
National Safety Council industrial members (who generally have 
records superior to those of industry as a whole). Of the 184 fatali- 
ties, only 2 were attributable to radiation; the balance to typical in- 
dustrial accident causes: falls (43), electrocutions (31), mobile equip- 
ment, e.g., cranes and bulldozers (25), motor vehicle (20), miscella- 
neous (63). 

It is therefore apparent that hazard evaluation and preplanning 
will provide safe working conditions not. only in. the fiel of nuclear 


energy but in all industry. Experience has taught us that it is not 
necessary to have accidents to learn how to prevent accidents. 

The recommendations for corrective action in the reports, which 
were written shortly after the incident occurred, are not necessarily to 
be construed as general in application since they are often only appro- 
priate locally or at the time. 


D. F. Hayzs. 
CRITICALITY INCIDENTS 
FATALITY FROM CRITICAL MASS EXPERIMENT [1945] 


Los Alamos, N. Mex., August 8, 1945: 
Nature of incident 

Inadvertent supercritical assembly of fissionable material. 
Description of operation 

In the process of making critical mass studies and measurements, 
an employee was stacking blocks of tamper material around a mass 
of fissionable material. 
Details of incident 

Employee was working in the laboratory at night alone except for 
a guard seated 12 feet away. a 

As the assembly neared a critical configuration, een was 
lifting one last piece of tamper material which was'quite heavy. As 


3 A few incidents which occurred outside A EC-sponsored activities are included becanse of their happen- 
ing in the field of nuclear research. The nant Canadian NRX reactor failure is not included,~Ac report 


‘on this incident was published in “M nhgineéring,”” February 1955, p. 124. 
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this piece neared the setup, the instrument indicated that fission 
multiplication would be produced, and as the employee moved his 
hand to set the block at a distance from the pile he dropped the block 
which landed directly on top of the setup. 

A “‘blue-glow” was observed and the employee proceeded to dis- 
assemble the critical material and its tamper. In doing so, he added 
heavily to the radiation dosage to his hands and arms. 


Nature of injuries or loss 


Employee who performed the experiment received radiation dosage 
sufficient to result in injuries from which he died 24 days later. 

The guard was exposed beyond the established daily limit, but 
suffered no observable permanent injury.‘ 


Remarks 


As a result of this incident, a special committee was set up to 
review the work carried on whenever fissionable material was being 
assembled under conditions where the assembly might conceivably 
become critical, and to make appropriate safety recommendations. 
The regulations given below resulted from the work of this committee 
and these aimed not only at reducing the possibility of a similar 
incident but also at moderating the severity should an untoward 
incident occur: 

1. Two special lists were prepared naming the persons who were 
the only ones permitted to do this work; one list carried the names 


of persons who would head up such work. 
2. A minimum of two persons was required to be present in 
addition to guard personnel. The maximum number of people 


permitted was also controlled. 

3. Before starting, the experiment must be planned including 
mode of operation and behavior in all contingencies. 

4. At least two monitoring instruments must be operating, 
each giving a clearly audible indication of the neutron intensity 
at all times during the experiment. 

5. Any changes in an assembly involving fissionable material 
must be made by one person at a time, elwiy and readily re- 
versible. 

6. There shall never be two assemblies, which might become 
critical, in the same building at the same time. 

7. All operators associated with the experiment must be in 
agreement about the safety of procedures all through the opera- 
tion.. If any disagreement arises, operations must be stopped 
until agreement has been reached. 

Substantial consideration was given to the development of méechani- 
cal remote control devices as a long-range program, although there 
was not universal agreement wiipale or not this should done. 
In the ensuing montbs some design and fabrication work was carried 
on. After 1946, all similar work was carried out with remote control 
systems without exposure to personnel. 


FATALITY FROM CRITICAL MASS EXPERIMENT (1946) 
Nature of incident 
Inadvertent supercritical assembly of fissionable material. 


4“The Annals of Internal Medicine,’’ vol. February published by the American College 
ob Phpeiclann ecarthns tes inetical eipeete ot le tnddlent (ees bone. ” 
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Description of operation 
A senior scientist was demonstrating technique of critical assembly 
and associated studies and measurements to another scientist. The 
‘ag technique employed in the demonstration was to bring a 
ollow hemisphere of beryllium around a mass of fissionable material 
which was resting in a similar lower hollow hemisphere. 
Details of incident 

The system was checked with two one-inch spacers between the 
upper hemisphere and the lower‘shell which contained the fissionable 
material; the system was subcritical at this time. 

Then the spacers were removed so that-one edge of the upper hemi- 
sphere rested on the lower shell while the other edge of the upper 
hemisphere was supported by a screw driver. This latter edge was 
slowly permitted to approach the lower shell. While one hand held 
the screw driver, the other hand was holding the upper shell with the 
thumb placed in an opening at the polar point. 

At this time, the screw driver apparently slipped and the upper 
shell fell into position around the fissionable material. 

There were eight people present inthe room where this demonstra- 
tion was being carried out.. Of these, two were directly engaged in 
the work leading to this incident. E 

The “blue-glow” was observed, a heat wave felt, and immediately 
the top shell.was slipped off and everyone left the room. 


Nature-of injuries or loss 


Scientist (A) who was demonstrating the experiment received radia- 
tion dosage sufficient to result in injuries from which he died 9 days 
later. The scientist (B) working with the deceased received radiation 
dosage sufficient to cause serious injuries and some permanent partial 
disability. 

The other six employees in the room (C, D, E, F, G, H) were exposed 
beyond the established daily limit, but suffered no observable perma- 
nent injury.’ 

Remarks 


While some work had been done in fabricating mechanical remote 
controls previous to this incident, as a result of an earlier similar 
critical assembly accident, such devices had not been fully developed 
to the point where they were considered sufficiently reliable to per- 
form the task of critical assembly studies. 

The regulations developed as a result of this earlier accident were 
considered adequate but, as was demonstrated, depended on the 
fallibility of individuals observing them. Immediately following this 
incident, all such work was stop until mechanical remote control 
devices could be designed and fabricated to carry out critical 
assemblies. 

Since the introduction of these remote assembly devices, there have 
been no incidents which resulted in excessive exposure to personnel. 
It should further be pointed out that the development of reliable 
remote control devices permitted critical studies, knowi marginal 
that would not have been attempted manually and thus permitted 
extended scientific research in such matters. 
of Physisiana, Seserioee the medial sepestsof ie nciieat Camas ee 
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Disposition of personnel in an accident. 
Approximate distances from source 
shown in feet, Planted film badges 
with numbers and gamma doses shown, 


No. 528 
(17.2R) 


® 30 curie 
Po - Be source 
L5* 3 mo. old 
25 Tabie 
5 mc Ra-Be 
neutron source 


No. 
(7. 


529 
2 R) 


CRITICALITY RESULTS FROM ERROR IN CALCULATIONS 


Los Alamos, N. Mex., April 18, 1952: 
Nature of incident 


_ A fissionable material assembly, remote from personnel, inad- 
vertently was made supercritical. 
Description of operation bio 
“Two stacks of fissionable disks were being built up stepwise, to give 
a‘slightly subcritical assembly with‘ thé’ two stacks brought’ together 
by remote control. The individual stacks were built: up'‘by ‘hand in 
fixed assemblies and the two stacks. brought together only by. remote 
mechanisms. (OK 4 bam exis bob <at 
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Details of incident ; 


After two members of the operating crew, calculated from, previous 
steps that one more disk could be added safely (they thought), the 
disk was added and, with attempted caution, the system was assem- 
bled remotely. Radiation indicators went off scale, actuating scrams, 
neutron counters jammed, and a puff.of smoke was observed on the 
television viewer. Within three to five minutes indicators and counters 
returned to operating ranges. 


Nature of injuries or loss 


There, was no injury, no loss of material, no damage to. facilities, 
and negligible loss of operating time. 


Remarks 


The crew members who checked safety of the final addition of 
fissionable material made the same algebraic error. The error would 
have been detected if data had) been plotted as required by operating 
rules. Also, it was determined subsequently that the assembly rate 
of the system exceeded the maximum established by. regulation. , It,is 
believed that there was just one radiation burst, terminated by thermal 
expansion, with a yield of 1-—-2.x 10" fissions. 

Existing operating regulations were reemphasized, 
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A criticality test assembly. 
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SUPERCRITICALITY EXPERIMENT 


Los Alamos, N. Mex., Feburary 3, 1954. 
Nature of incident 

A fissionable material assembly, remote from personnel, inadvert- 
ently was made excessively supercritical. 
Description of operation 

The incident occurred in the course of an extensive study of the 
properties of supercritical radiation bursts produced by an assembly 
of fissionable metal. This study involved operations of a type that 


the normal ations are designed to prevent, so was covered by a 
specific procedure. A reference check of critical conditions ed 
each supercritical burst.® 

Details of incident 


To attain rapidly sufficient power for a delayed critical check, it 
was customary to set control rods at the position of minimum reac- 
tivity and insert a reactivity booster in the form of a fissionable metal 
slug. This time, when the booster was inserted, radiation indicators 
and the assembly temperature recorder went off scale (to return in a 
few minutes), and scrams were actuated. The resulting shock sepa- 
rated parts of the assembly and damaged steel supporting members. 


Nature of injuries’ or loss 


There was no injury. The property loss was an expenditure of 
$600 for repair of the assembly. 


Remarks 


Apparently, the control rods had been run to their wrong extreme, 
i.e., to the position of maximum reactivity, before the booster was 
inserted. An interlock to prevent this had Rs omitted in the course 
of remodeling the assembly and, contrary to regulation, only one 
crew member was in the control room during the operation that led 
to the incident. There was a single burst, terminated by thermal 
expansion. The yield was 6 x 10" fissions, about three times that of 
the largest planned burst. 

The operating procedure was revised so that maximum available 
reactivity is limited to a tolerable value, 


UNANTICIPATED CRITICALITY IN WATER SHIELDED ASSEMBLY (1945) 


Los Alamos, N. Mex., June 4, 1945: 
Nature of incident 


of three individuals to external radiation resulting from 
a supercritical assembly of fissionable material. 


Description of operation 

An experiment was designed to measure the critical mass of enriched 
uranium when surrounded by hydrogenous material. The enriched 
uranium was in the form of cast blocks of the metal, %’’ x %’’ x \&”’ 
and %’’ x %’’ x 1”. The blocks were stacked in a preveenpheies 
arrangement in 12 courses in a 6’’ x 6”’ x 6”” polyethy. ene box. The 
voids in the courses were filled with polyethylene blocks of appropriate 


* See “‘Nucleonics,” October 1955, age 48, for a description of this experiment known as Godiva. 
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dimensions. The polyethylene box was agent by a 2-foot high 
stool within a 3-foot cubical steel tank. The tank had a 2-inch 
opening in the bottom through which it could be filled and drained 
by means of supply and drain hoses attached to a *%-inch tee. The 
opening in the tank was fitted with a shutoff valve, as was the drain 
hose. A polonium-beryllium source of about 200 mc. strength was 
placed on top of the assembly. A fission chamber and a boron 
proportional counter were used to follow the experiment. 
Details of incident 

The immediate supervisor was absent from the scene when the 
experiment was begun. According to one of the operators, the water 
level was raised above the polonium-beryllium source with the sup 
valve nearly full open. At this point, a slight increase in co 
rate was observed, which corresponded with what had been o 
previously when the source alone was immersed in water. A few 
seconds later the counting rate began to increase at an ing rate. 
At this point the supervisor returned and walked to within 3 feet of 
- tank and noted a a as we the ay vaies and eo 
the two operators were hastily closing the supp ve and openi 
the drain valve. The building was then evacuated. AP 


Nature of injuries or loss 

The three individuals involved received excessive radiation ex- 
posures, estimated in the case of two as about 66.5 r.e.p., and in the 
third as 7.4 r.e.p. The doses delivered to the head and neck of these 
individuals may have been considerably greater. The involved 
individuals were hospitalized for observation, but no untoward 
symptoms appeared, No significant changes in blood counts were 
heared; and sperm counts on one occasion some time after the 
incident were normal. It is not believed that the individuals con- 
cerned received any significant radiation damage. There was no 
damage to equipment, no loss of active material, and no lecal con- 
tamination problem. 
Remarks 


It seems most probable that the unanticipated increase in reactivity 
occurred because of water seeping between the blocks of active mate- 
rial and increasing the internal moderation of the assembly. Suffi- 
cient heating occurred to melt and deform the plastic bottom of the 
assembly container, and the water between the blocks must have 
vaporized, thus stopping the reaction. More water would then seep 
in and the cycle would repeat. It was estimated that three such cycles 
occurred before the water level in the tank fell sufficiently low to 
prevent further reaction, 

The experiment was of poor design in that the rate of addition of 
moderating material was not restricted in any way beyond the inherent 
limitation of the supply valve, and the changes in water level were 
not readily reversible since in the first place the supply and drain 
valves were at least 15 feet apart, and in the second place there was 
a considerable lag between the water level in the tank and that within 
the assembly. There was no provision made for rapidly dumping 
the moderator or poisoning the or if a predetermined upper 
safe limit of reactivity were reached. It is not epparent that an 
nuclear safety considerations whatever entered into the planning. It 
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was the opinion of the experimenters that’ criticality would not be 
reached during this run. 

While no further experiments of this specific type were performed, 
sithilar experiments after 1946 were carried out with remote control 
systems without exposure to personnel. 


Test equipment for water shielded assembly. 


SCRAM MECHANISM CAUSES CRITICALITY 


Los Alamos, N: Mex., March 20, 1951. 


Nature of incident 


A fissionable material assembly, remote from personnel, inadvert- 
ently was made supercritical. 


Description of operation 
Interactions between two masses of fissionable material ian water 
were measured at progressively .decreasing horizontal .separations. 


Remotely controlled operations established. the desired. horizontal 
separation of the two components and flooded the system. 
Details of incident 

After the final measurement, the system was “‘scrammed” (a rapid 
disassembly mechanism was actuated): Safety monitor indicators 
went off scale, neutron counters jammed, and ‘the’ television viewer 
indicated steaming. Within a few minutes, indicators and counters 
returned to operating ranges and indicated a rapid decay of radiation. 


Nature of injuries or loss 
There was no injury, no loss.of material; and no damage to facilities. 
Remarks 


Unlike normal slow disassembly, the scram rapidly raised oné 
component vertically instead of horizontally separating the two 
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masses. Subsequent tests showed. that the center of reactivity of 
the movable component was below that of the stationary unit: thus 
shortening the distance between them as the: movable ‘unit ‘rose to 
the level of the stationary unit. Furthermore, the: movable unit 
when rapidly raised through the water swung toward the stationary 
unit (Bernoulli effect). 
There ‘probably were several. radiation bursts, each stopped by 
bubble formation in the water. The total yield was about 10” fissions. 
“Tangential scrams” were outlawed for future designs. All assem- 
bly machine design must be reviewed by several persons rather than 
by the work of an mdividual. 


RADIATION EXCURSION IN A PLUTONIUM NITRATE SOLUTION ‘CRITICAL 
ASSEMBLY 


Hanford, Wash., November 16, 1951: 
Nature of incident 


An inadvertent, super eriticality of a spherical plutonium nitrate 
reactor, when a safety rod was withdrawn too rapidly during a test. 
Description of operation 

A critical mass program was underway. A prime consideration of 
this ‘program was the review of chemical separation’ plant operations 
from the standpoint of nuclear safety. An attempt was made to 
determine the maximum safe mass of plutonium for each part of the 
processing equipment. To this end criticality experiments were per- 
formed for several container geometries and process reagent concen- 
trations. The fuel consisted of solutions of plutonium nitrate and 
the container geometries studied were tamped cylinders and tamped 
and bare spheres of different sizes. 

In the course of the criticality program it became apparent that it 
would be desirable to determine experimentally the critical mass of a 
hemispherical shape. 

Details of incident 

As the program had called for a series of experiments in bare 
spherical reactors, it, was decided to make this measurement by half- 
filling an available sphere and adjusting the concentration to obtain. 
criticality. This was obtained in a spherical segment slightly larger 
than a hemisphere in: a nominal 20-inch diameter.sphere. Three addi- 
tional critical points were found as the fuel was diluted and greater 
fractions of the sphere volume filled. The last critical point reached 
was in a volume 88 percent of the full sphere. As the critical concen- 
tration of the sphere was predictable, it was decided to make the final 
dilution for the full sphere as closely as possible. This required that 
the total fluid volume be known. quite accurately. The:method of 
making this measurement was to add the remaining fuel to the reactor 
and to determine the total volume by means of the reactor sight glass 
which gave an accurate measure of the fluid volume. The control and 
safety rods were inserted and were known. to be sufficiently strong to 
easily override the reactivity of the excess fuel addition. The volume 
measurement was done, carefully and without incident or significant 
increase in neutron, level.. Then, instead of draining the reactor for 
concentration change, an attempt was made to determine where criti- 





34434—59 18 









264 RADIATION HAZARDS AND WORKMEN'S COMPENSATION 


cality might occur on the rods. As the total strength of the safety 

was known, it was thought that some additional information as 
to the required dilution could be determined by this measurement. 
The control -rod' was panes first with very’ minor reactivity effect. 
Following this, the safety rod was withdrawn intermittently at high 
speed (2.3 inches/second). A waiting period for the delayed neutron 
effect of about 15 seconds was made just prior to the incident. This 
was too short a time to determine whether or not the assembly was 
critical. The operators next heard the safety controls actuate, instru- 
ment indicators moved off scale, scalers jammed, and the most startli 
manifestation was that of the breakdown of “counters” playing ba 
through the public address system. The portable “Juno” in the con- 
trol room was off scale. Presumably, a further rod withdrawal had 
been made. 

An important effect to be considered is the production of gases in 
the reactor fuel. These gases are formed by the disassociation of the 
fuel caused by the ionization resulting from stopping the charged parti-. 
cles in the fuel. Most of the ionization results from “the Pesion 
fragments, of course, The gas production is important in two respects. 
First, the energy absorbed in the gas formation is not measured in the 
temperature rise of the fuel; secondly, the formation of gases in the 
fuel may cause an expansion of the fuel. This eapereien would result 
in density and volume changes in the fuel which could be very 
important. 

That gas was formed during the incident is evident from the result- 
ing contamination of the reactor room and known loss of fuel. The 
temperature of the fuel was well below boiling, yet a small amount of 
fuel was sprayed through the gaskets of the reactor assembly. These 
gaskets sealed a volume of air of about 18 liters above the fuel level 
prior to the incident. Pressures considerably in excess of atmospheric 
must then have existed in the assembly during the incident, 

In order to estimate the manner in which the incident took place, 
the probable actions of the personnel and apparatus machinery 
involved must be analyzed. e first item to be noted is that the 
operator had been removing the safety rod from the reactor at high 
speed prior to the incident. At least partly because of the insenitive 
scales on which the instruments were set at the time the operator was 
watching, the operator was not cognizant of the impending runaway. 
Therefore, it seems likely that the safety rod was given another pull 
at high speed of a duration similar to the preceding pulls. 

Nature of injuries or loss 

There were no injuries. The building was successfully decontami- 

nated except for the test room and assembly. Before decontamination 


of this area was completed, a fire occurred and subsequently the 
building was abandoned (see p. 51). 


Remarks 

Emphasis must be placed on the fact that the incident was the direct 
result of the rapid withdrawal of a strong poison from the reactor. 
Increasing the reactivity at this rate allowed the system to become 
promptly critical before the power level had increased sufficiently to 
actuate the scram device. Short periods were then obtained in a 
time interval which was short compared to that necessary for the 
mechanical safeties to stop the reaction. Safe reactor design requires 
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that no mechanism be employed which will allow the rapid withdrawal 
of a strong poison from the system, to eliminate possible errors in 
judgment on the part of the operators. 

An interesting result of the analysis is the extremely unfavorable 
change in ee resulting from fuel expansion in the partially filled 
sphere. Had the sphere been full in this incident so that the fuel 

ansion immediately expelled fuel from the sphere, no incident of 
this magnitude could have occurred, Extreme caution is indicated 
in experiments involving such partially filled geometries. 
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A schematic diagram of the reactor assembly. 
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The above event was accurately anticipated in the hazards study: 
prepared 2 years previously, as follows: 

In the design of the apparatus to be used in plutonium critieal mass experiments 
considerable attention was given to safety features. This report examines the 
hazard which would result in the extremely unlikely event that all of the safety 
devices failed to operate either by aceident or sabotage. -The reactor is a eylin- 
drical can filled with a water solution of plutonium tetranitrate and immersed. in 
a tank of water. If it is made supercritical, energy is produced in the solution 
at a rate proportional to the degree of supercriticality. If the rate is low, the 
solution will heat to boiling and water will be boiled off. until the remaining solu- 
tion becomes subcritical. In such a case the steam will be blown out through an 
epening and no explosion will -oecur. ~- The surrounding area will be-subjeeted to. 
a dose of gamma rays proportional to the amount of energy evolved. Some plu- 
tonium may be blown out with the steam. Tf the rdte is high, the pressure of 
steam would eventually rupture the can and the reaction would then cease on 
account of dilution by the surrounding water;~~The time behavior, critical mass, 
etc., of the reactor are calculated and used to: estimate the hazards. The conclu- 
sion is that, in such a weakly confined system, explosions are impossible and fur- 
ther, at distances of about 175 feet, the danger from gamma and neutron radiation 


is negligible. The most serious hazard is the seein ef the reactor room 
with plutonium. 


RADIATION EXCURSION IN AN EXPERIMENTAL ENRICHED URANIUM 
WATER SOLUTION CRITICAL ASSEMBLY 


Oak Ridge National Laboratory, Mey 26, 1954: 
Nature of incident 


Inadvertent excess reactivity due to mechanical -failure in the 
assembly. 


Description of operation 


The experiment in progress at the time of the incident was one in a 
series designed to study criticality conditions of uranium-water 
solutions in annular cylindrical containers. The outer container of 
the annulus is a 10-inch inside diameter by 6-foot high 2S aluminum 
cylinder, having a \¢-inch thick wall. The bottom of the container 
is \% inch thick aluminum, with an.off center 2-inch inside, diameter 
aluminum tube for fuel solution flow. The 10-inch cylinder sits on 
a 23 cm high Plexiglas table and is secured to it by three bolts through 
angle lugs welded to the outside of thé cylinder: The inner container 
of the annulus, which is a 2-inch outside diameter by 6-foot long 
aluminum tube also having a X¢-inch thick wall, is lined on the inside 
by a \-inch thick cadmium cylindrical shell and is filled with water. 
The inner container, or tube, is positioned at the lower end by a pin 
which fits into a recess in the bottom of the 10-inch cylinder. _ The 
upper end is held by downward pressure from’a 120° spider, the legs 

of which are bolted to a flange on the top of the 10-inch cylinder. 
The legs of the spider are 1 -inch aluminum angle welded about the 
center. “The assembly is contained in a 9-foot ‘by 9-inch cylindrical 
tank which can be filled with' water ito provide a neutron reflector, 


if desired. 


Details of incident 


The cause of the-accident was a displacement-of the central tube, 
effectively a poison rod;.to a region of less importance. This dis- 
placement resulted. from a dislocation of the positioning spider by a 
pin, used to connect sections*of the liquid level indicator rack, pro- 
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truding beyond the side of the rack and engaging a leg of the spider 
as the indicator was raised, Removing; the compressional force from 
the top of the central tube allowed it to fall against the inside of the 
10-inch cylinder. .. Although ; the, displacement..was, small, ,it.was suf- 


ficient to cause a large increase in the effective neutron, multiplica- 
tion. | 





Nature of injuries or loss 


The safety system ae a operated normally and the reaction 
was stopped automatically. All personnel in the building during the 
incident were protected by a minimum of 5 feet of concrete shielding, 
30 no serious exposures were incurred. 

Remarks 


While the total number of fissions during the transient: has been 
estimated to be 10", there was no evidence of violent boiling in the 
system or of mechanical breakdown due to energy release. 


REACTOR INCIDENTS 
CRITICALITY DURING CONTROL ROD TESTS 


Los Alamos, N. Mex., December 1949: 
Nature of incident 


Inadvertent supercriticality of reactor occurred when employee 
manually tested mechanism for two new control rods. 
Description of operation 

The reactor was being remodeled for higher power operation. As 
part of required alterations, two new control rods had been placed in 
the sytem in addition to the three existing control rods. 

The employee who had built the rod control mehcanism wanted to 
test the comparative fall times of these new rods. He opened the 
enclosure on top of the reactor and manually lifted the rods, neglecting 
the possibility that this would affect the reactivity of the reactor be- 
cause of its higher power arrangement. Heretofore, the existing 
other three rods were sufficient for safety. 
Details of incident 

Normally, rods are raised remotely from the control room when the 
control panel is activated by a key switch. Since the rods were pulled 
out manually with the panel being off, no equipment was turned on 
except a direct reading temperature meter. Therefore, there were 
no neutron-sensitive devices to record or warn of a rise in the neutron 
level. It was not observed until after the incident that the reactor 
temperature had risen about 25° C. 

The removal of the two rods probably gave a A K of about 0.86 per- 
cent, producing an initial period of about 0.16 second.. Since the 
measured temperature coefficient is approximately —0.034 percent 
k/C°, the observed temperature rise indicates’ the rods were out 
sufficiently long so that the reactor was stopped. by the negative tem- 
perature coefficient. \ 


Nature of injuries or loss mi ips” 
‘Phere were no injuries.. The:employee: doing: the work: received 
2.5r of gamma radiation according’ to his fihm badge.» Thére:was 
damage done‘to ‘the reactor ‘and no loss of active material. : en 
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Remarks 


To avoid any similar incident in the future, the use of the key to 
the locked enclosure, above the reactor, containing the rod mechanism 
was restricted to two senior individuals in the group. 

In addition to this administrative arrangement, a special device 
was added to the rod control mechanism. This device was used when- 


ever the enclosure had to be left open for any period of time. The 
special device built was a pivoted plate provided with a slide which 
would permit only one control rod to be moved at a time after the 
plate was locked into position on the top of the control rods. 


SUDDEN INCREASE IN REACTIVITY DURING CONTROL ROD TESTS 


Argonne National Laboratory, Lemont, Ill., June 2, 1952: 
Nature of incident 
Manual withdrawal of a control rod from a reactor caused an 


accidental supercriticality. Four persons were overexposed but 
apparently were not injured. 
Description of operation 

The operation being conducted was the comparison of a series of 
newly manufactured control rods. The reactor had been operated 
with the standard control rod. It was then shut down by inserting 
all control rods and draining the water moderator, a standard safe 
method of shutting down the reactor when core changes are to be 
made. The standard rod was removed and the first of the series of 
control rods to be tested was inserted. 

The reactor was filled with water with the test control rod fully 
in and the standard type control rods fully inserted. Withdrawing 
of one of the standard control rods, 32 cm, caused the reactor to 
become critical and the power was leveled off while the desired meas- 
urements were made. The control rod was then reinserted into the 
original “in’’ position. 

Details of incident 

With the water still in the reactor, the four members of the crew 
then went into the assembly room for the purpose of replacing the 
control rod which they had just tested. The group leader went u 
on the platform, reached out with his right hand and started to p 
out the tested rod. As soon as he had withdrawn it about 1 foot, 
the center of the reactor emitted a bluish glow and a large bubble 
formed. Simultaneously, there was a muffled explosive noise. The 
group leader let go of the control rod which he was removing and it 
ell back into position. The crew left the assembly room immediately 
and went to the control room. 

The reactor became supercritical because the test rod being removed 
by the leader was highly effective in suppressing the chain reaction 
when fully inserted. But, as it was bemg removed, a point was 
reached when the reactor was critical even with the standard type 
rods fully inserted. In removing this rod, the reactor passed through 
the critical into the prompt critical stage. This would not have 
occurred if water had not been in the reactor assembly, since this 
thermal reactor was dependent upon water to moderate the neutrons 
from the fast energy level to the thermal energy level and the fission 
process can only be supported by thermal energy neutrons. 
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After this supercriticality was reached, several reactions took place, 
any one of which could have contributed to immediately shutting the 
reactor down: 

1. Part of the uranium polystyrene fuel mixture expanded, dis- 
placing the water. 

2. A bubble formed causing a change in density in the reactor, re- 
ducing the effectiveness of the moderator. 

3. The group leader immediately dropped the rod back into place. 

4, The instrument circuits detected a level of neutron intensity and 
opened the water dump valve. 

Naturéof injuries or loss 

Damage caused by this incident appears comparatively slight and 
falls into three areas: 

1. The radiological effect upon the victims is discussed in separate 
reports.’ 

2. The fuel assemblies were damaged to the extent that the uranium 
polystyrene mixture on the zirconium strips was no longer in usable 
condition and had to be reclaimed. immediately rather than after the 
experiments planned for the reactor. Seventy-five percent of the fuel 
on hand was not involved in the incident. The reactor tank and fix- 
tures were undamaged. 

3. The program was delayed due to the loss of personnel available 
for this operation as a result of the incident, and by the time required 
to revise operating procedures to insure complete safety in the future. 


Remarks 

The direct cause of the nuclear reaction comprising the incident was 
the rapid withdrawal by hand of the control rod being tested from the 
water-filled assembly. This effected a large increase in reactivity 
and the reactor achieved supercriticality in a very short time. The 
following recommendations were made and have been carried out to 
prevent occurrence of a similar incident: 

1, Absolutely prevent access to assembly room when there is water 
in the reactor. 

2. Prepare and keep up to date an operating manual which would 
include not only standard operating procedures but operating restric- 
tions imposed by nuclear safety considerations. 

3. General safety measures. 

4. Emergency procedures. 

5. Control diagrams and wiring identification. 

6. Written procedures to be prepared for each experiment to be 
performed. 

7. Restrict the number of people in the assembly room to those 
actually required. 

8. Require at least two qualified staff personnel on critical experi- 
ments. 


7 See ANL 4971 and “Physical Dosimetry and Clinical Observations on Four Human Beings Involved 
in an Accidental Critical Assembly Excursion,” by R. J. Hasterlik and L. D. Marinelli, p. 25, vol! 11, ““Pro- 
ceedings of the International Conference on the Peaceful Uses of Atomic Energy’’ (held in Geneva, Aug. 8-20, 
1955, 
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Layout of reactor showing position 
of crew at time of the accident, 


REACTOR FUEL LEAK 8 


North Carolina State College, May 1955: 
Nature of incident 

The stainless steel core of a water boiler type reactor developed a 
leak allowing fuel solution to leak into the surrounding chamber and 
the cooling water. . 
Nature of operations 

This incident occurred in a university reactor being operated for 
research and training purposes. 


§ This incident occurred at athe location but is included as an example of a type of reactor failure, 
No one was injured or exposed to radiation. : | sdb 
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Details of incident 

The first indication of trouble was the rise in pressure of the core. 
Further investigation revealed the presence of fission products in the 
surrounding chamber and the cooling water. The gases were care- 
fully bled off the chamber and core and out the stack, the cooling water 
was drained, and the fuel solution was transferred to storage containers. 
Remarks 

‘Two possible causes of the leaks are: 

1. Faulty welds. 

2. Corrosion at points of local surface imperfections. 


BORAX I EXPLOSION 


National Reactor Testing Station, Idaho Falls, Idaho, July 22, 
1954: 


Nature of incident 

Deliberate destruction of the Borax I reactor as part of reactor 
safety tests. 
Description of operation 

More than 200 safety experiments were made on the Borax I reactor 
simulating control red accidents. For the last test, conditions were 
set up so that the reactor would be run to destruction. 

The tests were carried out by withdrawing four of the five control 
rods far enough to make the reactor critical at a very low power level. 
The fifth rod was then fired from the core by means of a spring. In 
this test the rod was ejected in approximately 0.2 seconds. 

Details of incident 

After the control rod was ejected an explosion took place in the 
reactor which carried away the control mechanism and blew out the 
core. At half a mile the radiation level rose to 25 mr/hr. Personnel 
were evacuated for about 30 minutes. 

Nature of injuries or loss 

No one was injured and the destruction of the reactor was part of 
the cost of the experiment. 
Remarks 


Although it was greater than anticipated, the explosion was com- 

arable to that which could be produced by only a few pounds of 

NT. It is believed that a cause of the explosion was the chemical 
reaction of aluminum and water. 


EBR INCIDENT 


Idaho Falls, Idaho, November 29, 1955: 
Nature of incident 

Overheating of reactor core which may have resulted in partial 
melting of fuel elements. 
Description of operation 

The experimental breeder reactor was undergoing a series-of -experi- 
ments. This particular experiment consisted of permitting the power 
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to increase, from a very low initial level, in accordance with past 
observed behavior. It was well known that under conditions of low 
coolant flow and at low power, the power increased spontaneously, 
i.e., not due to any changes being made to the reactor controls. 
Without modification, the automatic controls would not permit the 
conduct of the experiment. They were therefore disconnected. 
Reliance was placed on manual control to shut down the reactor at 
the appropriate moment. 


Details of incident 


At the appropriate moment, the scientist in charge told the operator 
to press the reactor off button. This would have removed sufficient 
reactivity. Due to a misunderstanding, the operator began instead 
to withdraw the rods at normal speed. This removed reactivity at 
an insufficient rate to prevent overheating and may have resulted in 
consequent melting of the fuel elements. 


Nature of injuries or loss 

Shortly after the accident, there was a rise in the radiation level 
in the buildimg. The building was evacuated. There were no 
personal injuries. There was no appreciable contamination of the 
Nak coolant. 
Remarks 


Due to distortion, it was possible to remove only a few fuel rods in 
the normal manner. It has been necessary to construct a temporary 
hot cave on top of the reactor. This cave is equipped with viewing 
windows and remote control devices. As of this writing, the core 
has been raised into the cave preparatory to disassembling it. 

It is important to note that even under ordinary circumstances, 
any handling, disassembly, etc., of the enriched fuel elements must 
be done in special hot caves with remote control equipment. The 
problem here arises from the fact that the fuel elements adhered to 
the bottom plate, thus making it necessary to raise the whole core 
structure as a unit. The system was designed to handle one fuel rod 
at a time and is not capable of lifting the entire core and transferring 
it to the regular remote handling facility. Thus, it was necessary to 
rig a remote handling facility on top of the reactor so the regular 
overhead crane could be used to raise the core. 





CoNnTAMINATION INCIDENTS 
RADIUM CONTAMINATION INCIDENT 


"Argonne National Laboratory, Lemont, Ill., June 13, 1952: 
Nature of incident 


A radium sulphate capsule broke and contamination was tracked 
around laboratory. 


Description of operation 

A 50-mg. radium sulphate source was used to calibrate pocket 
meters in a laboratory. 
Details of incident 

During the course of the work, the capsule broke in some unex- 
ae manner and approximately 10 oat of radium sulphate 
were released. 
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The material was spread through three wings of the building and 
was further spread by being tracked around on the shoes of personnel 
who were in the building and persons who entered the building (with- 
out instructions) to assist. The importance of the incident is due 
instead to its effect upon the instrumentation in the building, which 
depends on low background for satisfactory work. 

The front end of the building remained usable; the first floor was 
not seriously affected, but two wings and the shop required decon- 
tamination. The ventilation in the building remained shut off al- 
though the south windows of the building were opened up. 


Nature of injuries or loss 

There were no injuries. There were no hazardous concentrations 
at any location. 
Remarks 

The shops had been engaged in fabricating an improved device for 
calibrating pocket meters which were scheduled for delivery in about 
2 weeks. The new standard source will use weed cobalt rather 


than radium. Had the new device been in use, stich an incident 
could not have occurred. 


NEUTRON SOURCE FAILURES (TWO) 


Ames, Iowa, July 1951 to August 1952: 
Nature of incident 


There have been two serious and other minor. cases of neutron 
sources leaking, causing contamination to laboratory buildings. 


Description of operations 


Sealed metal capsules, containing a neutron source (such as polo- 
nium-beryllium), are used in laboratories for neutron experiments and 
for instrument calibration. 


Details of incident 

Cases have occurred where the capsule failed permitting the release 
of polonium. In two of these the contamination spread through the 
entire building. 
Nature of injuries or loss 

Several people received overexposure but none serious enough to 
be hospitalized. 

The loss due to decontamination, and loss of the use of the building 
for that time, amounted to over $30,000 in each of the two serious cases. 
Remarks ae 


Laboratories using radioactive material should consider the possi- 
bility of »a release and plan for this in the design of the building. 
Compartmentalization and use of materials that can easily be decon-+ 
taminated or discarded will greatly reduce the costs of. an accident; 


t 


SEWER ‘CONTAMINATION ‘INCIDENT 


Ames, Iowa, July 1951 to August 1952: 
Jature.of ancident .,-, 2R9 A 


Discharge: mto sewer of waste containing | greater quantities °0 
radioactivity than anticipated. slot eww 


Si- 
ng. 
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Description of operation 


Metallic thorium was being produced from thorium nitrate tetra- 
hydrate. During an early stage of the processing, a filtrate containin 
traces of thorium in the form of the nitrate and oxalate was release 
to the sewer which connected to the city sewerage system. This oper- 
ation had been carried out for over a year. 


Details of incident 

At the time disposal to the sewer was decided upon, it was believed 
that this waste had a very low level of radioactivity. A chemical 
method of reducing this still further and ensuring that no release would 
be made to the sewer had been developed and was being engineered 
to the necessary scale for this operation when it was discovered that, 
due to a change in feed material supplied to the laboratory, con- 
siderable quantities of mesothorium were being discharged in the 
filtrate. Mesothorium is one of the daughter products of thorium 


decay. 

While mesothorium gives off gamma and beta radiation, its principal 
hazard as a waste product is due to alpha activity of its decay 
products. 

All the sewage was processed in a “complete treatment’? sewage 
plant. Such a plant discharges a waste liquid effluent and produces dry 
sludge which is used for fertilizer. The treatment process was found 
to remove mesothorium very effectively so that the effluent water 
from the sludge disposal plant had negligible quantities of mesothorium 
in it. The dry sludge produced during this period had been spread 
on the city airport, municipal parkway, and the cemetery. 

A thorough study of this incident disclosed that there was no 
hazard to the public or to the employees of the sewer plant even though 
the radiation levels of the sewer discharges were higher than had been 
anticipated, 

Nature of injuries or loss 

None. 


Remarks 


This incident illustrates the necessity of extreme care in the iden- 
tification and control of radioactive wastes discharged into public 
sewer and drainage systems. 


EXCESSIVE INTERNAL DOSE OF PLUTONIUM 


Hanford, February 16, 1955: 
Nature of incident 

An employee received 1% times the maximum permissible limit of 
plutonium in the body. 
Description of operation 

Employee was doing semiroutine maintenance work on plutonium 
contaminated equipment. 
Details of the incident 

At the time of the operation, the employee was wearing protective 
clothing and an assault mask. No definite cause can be assigned for 
the inhalation of the radioactive material. The mask was tested and 
found to be in proper operating condition. The possibility of improper 
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adjustment of the mask, allowing inleakage around’ the facepiece, is 
considered the most likely cause. Radiological monitoring disclosed 
that the employee’s clothing and some skin surface were contaminated. 
Routine biological tests disclosed a deposition of plutonium about 1% 
times the recommended permissible limit. 


Nature of injuries or loss 

The employee has not missed any work and has suffered no detect- 
able ill effects to date. It is not expected that any adverse effects will 
develop in the future because there is believed to be a margin of safety 
beyond the official permissible limit sufficient to make his exposure 
harmless. The employee is now assigned to work which does not 
involve radioactive material. 
Remarks 

This was the first case in the 12-year history of this facility in which 
an employee has received an internal dose of plutonium greater than 
the recommended limit. 

FUME INCIDENT 


Hanford, February 5, 1953: 
Nature of incident 

A pressure surge in a system in which a highly radioactive material 
is dissolved in a solvent. 
Description of operation 

Operation involves the use of acids and organics for the separation 
of metals from a highly radioactive solution. 
Details of incident 

A pressure surge was apparently caused by the contacting of solvent 
with concentrated nitric acid. Brown fumes (nitrogen oxide) were 
observed coming from the cell at the same time that instruments 
indicated operating difficulties. A quick radiation check indicated a 
high level of activity. The entire exclusion area was evacuated. 
Nature of injuries of loss 

There was no injury or unusual exposure to radiation hazard by 
personnel during the incident. Decontamination required work in 
high-level fields and resulted in some exposures to personnel. Investi- 
gation indicated no overexposure, 
Remarks 


Detailed engineering and process changes were carried out to pre- 
vent a repetition of this incident. 


CONTAMINATION OF AIR IN A CHEMICAL PLANT 


Chemical Processing Plant, Idaho Falls, January 10, 1955: 
Nature of incident 


Air contamination of a chemical plant building due to an operational 
incident. 


Description of operation , 


Some highly radioactive liquid had overflowed into a sump which 
had been provided for this type. of situation. An OPRF HOR began. to 
transfer the material back to the system by means of a steam jet. 
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Details of incident 


Radiation contamination was spread through ‘several parts of the 
plant as the result of continued jetting of the sump after all the liquid 
had been transferred from it. Jetting was continued because the sump 
indicator light erroneously showed that. liquid still remained. in, the 
sump and the operator did not recognize the change in the sound of 
the jet as it started to suck air. The jet steam escaped from the 
tank through drain lines into several rooms where the contamination 
was indicated by constant air monitors. The health physics group 
ordered evacuation of the rooms and initiated investigation as to. the 
cause. 

The trouble was quickly discovered and eliminated. Another room 
experienced air contamination about 30 minutes later which may or 
may not have been from the same cause. Air activity dropped to 
safe level within less than 1 hour and work was resumed. 


Nature of injuries or loss 


After the incident, most of the men involved were immediately given 
nose checks and those with significant readings had urine samples 
taken. Several days later, all people in the building at the time of 


the incident were sampled. The results showed that no one had 
received serious exposure. 


Remarks 


Two important lessons can be learned from this incident: 

1. The most routine type of operation can lead to a serious incident 
when dealing with highly radioactive material. Therefore, all possible 
eventualities should be considered and definite plans formulated to 
cope with them. 

2. It is difficult for operators to understand all the complexities and 
hazards of modern plants, Compounding this problem is the opera- 
tor’s dependence on instruments which sometimes fail. The closest 
possible supervision must be employed. 


UNH 





SOLUTION SPILL 


Hanford, Wash., December 30, 1954: 
Nature of incident 


Over 1,500 gallons of uranyl nitrate hexahydrate solution spilled 
when a tank trailer overturned, 


Description of operation 


An intraplant transfer of UNH was being made in a tank trailer. 
Before starting out, the driver routinely tested the airbrakes and found 
that those on the trailer were not working. In spite of this, he decided 
to go ahead with the trip. 


Details of incident 


En route, he applied the tractor brakes to maintain control of the 
unit on a downhill grade. The trailer swerved left and right until it 
overturned. 

Immediately after the spill, the road was blocked off. The fire 
department washed all the material from the road into a drainage 
ditch. This ground was dug up and removed for reworking. Not 
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only was a large percentage of the uranium recovered, but the radiation 
level was reduced to a point where no controls were necessary on the 
road. Within 4 hours after the accident the road was reopened. 


Nature of injury or loss 
Damage to the equipment, salvage, recovery, and loss of material 
cost approximately $59,000. No one was injured. 


Remarks 

The following factors seem pertinent: 

1. Design of the tank trailer incorporated a high center of gravity 
and difficult front suspension with susceptibility to overturning, which 
had been overlooked when design was approved by AEC and con- 
tractor’s safety departments. 

2. Although the driver is a qualified heavy duty truck and trailer 
operator, this was his first trip with this trailer. 

3. He was aware of the standard practice which prohibited use of 
defective equipment. 

4. He also knew that delivery of the load was desired promptly. 

5. He elected to go without trailer brakes, believing he could make 
the trip safely. 

Action taken: 

1. The operator has been disciplined for violation of an established 
safe operating practice. 

2. The tank has been mounted on a 25-ton lowboy for increased 
equipment stability in over-the-road operation. Practical type and 
design of equipment for this work is being studied. 

3. A relative material value will be declared on future movements. 




























Fires 






URANIUM SCRAP FIRE 


Los Alamos, N. Mex., June 27, 1949: 


Nature of incident 
Fire involving pressed normal uranium turnings in drums.° 









Description of operation 

Uranium turnings received as scrap from machining operations were 
pressed into briquettes and sorted awaiting a casting operation which 
recovered about one-third the uranium in elemental form. 

There were 51 drums stored outdoors and away from any building 
because of the pyrophoric characteristics of the turnings. Each drum 
contained about 500 pounds of normal uranium in the fori of 3-pound 
disks, each 3% inches in diameter and 1% inches thick. 


Details of incident 

The fire was discovered and reported by inspectors who noticed a 
small amount of smoke, and one barrel was found to be on fire with a 
canvas tarpaulin covering the cans burning slowly. The fire depart- 
ment responded and the fire was attacked with a fine water spray. 
Thirty-one drums were removed from danger area before the intensity 
of the fire made it impracticable to move the others. 


* This fire is typical of a number which have occurred. 
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After the removal of the drums had been carried out, each of the 
remaining ones were attacked individually with solid streams of water. 
With the use of pike poles and wrecking bars, the burning mass in 
each barrel was agitated, while the water was played on it. The 
extinguishment was finally accomplished after about 20 minutes’ 
work on each of nine barrels. 


Nature of injuries or loss 
There were no injuries. 


The dollar loss, though difficult to evaluate accurately, was modest 
and probably amounted to several hundred dollars. 


Remarks 


The remaining drums were filled with water and covered with venti- 
lated tops. The current practice is to store the turnings in smaller 
drums (about 100 pounds) under oil or water and ship by truck to the 
recovery plant. 

It was recognized that the hazard of fire presented a storage 
problem with respect to briquettes and accordingly the drums were 
stored out of doors and away from any building. Each drum was 
capped with a loose fitting lid to allow the escape of hydrogen gas 
generated by the reaction of any moisture present with the uranium 
metal. Submergence of the turnings under water or oil would reduce 
the fire risk, although such procedures must depend on the recovery 
requirements. 

In fighting the fire, the firemen wore mechanical filter respirators 
in addition to their regular firefighting clothing; in accordance with 
standard procedure they worked from upwind. At the conclusion 
of the incident, careful monitoring found contamination only on the 


pike poles and wrecking bars; these were readily decontaminated and 
returned to service. 


URANIUM CASTING FIRE 


Los Alamos, N. Mex., December 9, 1952: 
Nature of incident 

Fire involving the casting of normal uranium. 
Description of operation 

A unique casting of more than 3,000 pounds of uranium metal was 
being carried out in a graphite mold placed in a micarta induction 


furnace. The charge metal in the form of large disks was premelted in 
the same furnace in a graphite crucible located above the mold. 
Details of incident 

This was the first such run and the first time a casting of this size 
had been attempted. The mold failed and the molten metal flowed 
to the bottom of the furnace where it flowed into the vacuum line. 
When the metal reached the vacuum line trap, it burned through and 
spilled onto the floor behind the furnace. However, not all of the 
metal flowed into this area; if it had done so, the uranium could have 
been covered with powdered graphite, thus excluding the air and 
extinguishing or reducing the rapid oxidation of the metal. 

When the vacuum line trap was ruptured, this permitted a natural 
draft through the furnace. This draft, coupled with the reaction of 
34434—59-—19 
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the molten metal with the water from the sprinkler system and from 
the cooling coils of the furnace, produced hot flames above the furnace. 

The fire was difficult to fight and while it was under control to the 
extent that the building and the general environment were never in 
jeopardy, the attention of standby firemen was required for several 
hours. 

When the dismantling of the furnace was commenced 18 hours later, 
some glowing embers of uranium in the uranium oxide were still in 
evidence. 


Nature of loss or ingury 

There were no injuries and the loss was limited to the furnace equip- 
ment, estimated at $1,200 to $1,500. All the uranium was recovered 
as oxide or metal. As a matter of interest, a duplicate furnace, located 
2 feet from the furnace involved, showed no sign of damage. 





Remarks 

Considerable thought and planning took place before the run was 
started, since this was the first such operation and the graphite avail- 
able for the mold was not of a size and quality that would have been 
preferred for this work. 

The entire operation was planned so that the minimum number of 
personnel would be at the scene during the melting and casting opera- 
tion. At the time the metal was poured, only one manjwas close to 
the operation and he had a clear exit which he immediately used. 

Subsequent to this incident, many similar runs were made without 
difficulty. 

A new and larger furnace was constructed which permitted the use 
of larger diameter molds. The mold that failed had been made to fit 
the old furnance and the mold wall thickness was limited by the furnace 
diameter. The larger new furnance permitted a thicker mold wall. 

Subsequently, the availability of larger-sized graphite stock of a 
better quality permitted improved mold construction. 

The sprinkler heads located directly over the large induction 
furnaces were removed as a consequence of this incident. 

At the time of the incident, personnel were evacuated from the 
building to prevent their interference with fire control measures. 
General area monitoring showed no significant contamination other 
than the immediate vicinity of the spilled material. 


FIRE IN A TRUCKLOAD OF URANIUM METAL 


Near Kansas City, Mo., October 29, 1952: 


Nature of incident 
A truckload of solid pieces of uranium metal was involved in fire. 


Description of operation 

Solid pieces of uranium metal were being transported by truck 
between plants. 
Details of ineident 

The truck was involved in a vehicular accident and fire resulted 
from rupture of the truck's gasoline tanks. The fire'started to spread 
to the cargo which was in wooden crates. <A local fire department 
responded but was instructed to use no water. The guards with the 
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truck had received such instructions. At one time, it was thought 
that such a fire could not be fought with water. The instructions 
had been changed but the two men concerned had not yet attended 





1 the training class. ; 
1 The fire spread through most of the cargo prior to the arrival of 
an AEC contractor fire department which extinguished the fire with 
, water. 
a Remarks 
It is well established that uranium in finely divided form or in 
small pieces such as machine scrap is pyrophoric. Research is under- 
- way to determine basic information in the field of uranium pyro- 
d phoricity. It is uncertain whether massive uranium metal will sustain 
“d combustion but this fire proves that massive uranium must be pro- 
tected against exposure to external fire. In the case of both scrap 
and massive metal the ‘“ashes’’ (uranium oxide) can be recovered for 
7 reprocessing. But the loss can be much higher in machined metal 
as due to the fabrication steps which have taken place. Radiation 
il- contamination from a normal uranium fire is negligible. 
en 
of 
ra- 
to 
out 
use 
» fit 
ace 
. 
of a 
tion 
the 
ires. 
ther 
| fire. 
truck 
sulted 
pread 
tment 


th the 


Z 
° 
— 
= 
< 
<9] 
a 
m 
e 
A) 
° 
5 
m 
Z 
: 
ea 
° 
a 
a 
Z 
< 
Q 
a 
re 
< 
< 
7, 
2 
E 
< 
— 
a 
< 
ee 


282 










Final extingun eae e 













RADIATION HAZARDS AND WORKMEN’S COMPENSATION 283 


SLUG FAILURE INCIDENT 


Hanford, November 1, 1955: 
Nature of incident 

A fire occurred while removing a ruptured slug from a reactor. 
Description of operation 

A ruptured slug was stuck in a tube. Mechanical pressure was 
used to move it with some success. This was followed with a high 
pressure stream of water. 
Details of incident 


As the water washed the slug out of the tube, a flash of flame took 
place. The combustion products were picked up in the ventilation 
system and emitted from the stack. 


Nature of injuries or loss 


No one was injured. Decontamination work was necessary through- 
out the back of the reactor. Some of the surrounding countryside 
was slightly contaminated to a distance of several hundred feet. 


Remarks 


The exact cause of the fire is not known. It is suspected that a 
pocket of air ahead of the water picked up uranium dust. 


PLUTONIUM FIRE !° 


Hanford, Wash., May 7, 1954: 
Nature of incident 

A fire involving a quantity of plutonium turnings, 
Nature of operation 

The turnings were loaded into combustible containers, which were 


placed 4 in a plastic bag. The bag was then removed from the hood 
or heat sealing. 


Details of the incident 


The plastic bag was positioned in an electronic heat sealing unit 
while one of the operators donned an assault mask. This operator 
returned to adjust the sealing bar and observe the sealing. The 
second operator, without a mask, moved about 8 feet away and ener- 
gized the sealing unit. 

About halfway through the 6-second sealing cycle, the masked 
operator observed a growing brown spot on the plastic bag and white 
smoke inflating the norma ally deflated bag. He warned the other 
operator to shut off the sealer and they quickly left the immediate 
area of the burning material. The toed operator donned a mask 
and warned five employees, working in the same area some distance 
away, of the hazards. The latter workers evacuated immediately. 

The two operators returned to ane turnings which were now per 
ing on the floor—() 
or fell to the floor, nor why the bag was not placed in a nearby hood. Red 
and tried to control the flame, using three small CO, eitniuiahbes. 
Flames 2 to 3 feet high were observed. The extinguishers had little 











10 This is a typical example of the type of fire which occurs in plutonium operations. Several others have 
taken place. 
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or no effect and in a matter of minutes the fire burned itself out. 
The operators evacuated the space and aided the sealing of the space 
to prevent further spread of contamination. 

Operations in this space were discontinued for about 3 weeks while 
decontamination activities were completed by the operating forces. 


Nature of injuries or loss 


The direct costs incurred in the decontamination amounted to 
approximately $20,000. 


Remarks 


The cause of the fire was not definitely determined. Plutonium 
chips are pyrophoric and fires should be anticipated in the design and 
procedures of all plutonium-chip operations. While the magnitude of 
the material loss may vary depending on recovery, the fire loss due to 
decontamination costs may be quite high, unless prior steps have been 
taken to suppress general contamination in the event of a fire. 

Among other steps taken in this case was the elimination of combus- 
tible containers and process rearrangement so as to make it unneces- 
sary to remove the material from the hood. 


FIRE INVOLVING PLUTONIUM TURNINGS 


Hanford, July 27, 1954: 
Nature of incident 

A fire in plutonium turnings in a laboratory hood. 
Nature of operations 


Some plutonium-metal turnings were being dissolved in nitric acid 
in a stainless steel pot. All of the turnings were placed in the pot 
and 500 ml of 70 percent HNO; and 200 ML of water were added. 
The water was added by 20 ML at a time. 

Details of incident 


The mixture was heated from 5 to 10 minutes on a standard labora- 
tory hotplate, the hotplate was turned off, and the mixture had cooled 
for approximately 5 minutes when a flash and cloud of brown gas 
appeared within the hood. Sufficient pressure was exerted to force 
oxides of nitrogen and contamination to pass through the intake 
filters. Molten plutonium metal and/or oxide was scattered through- 
out the hood, starting a number of small fires. The pot containing 
the mixture was covered with a stainless-steel cover. The cover was 
set on the pot with bolts in place, the bolts were not fastened, the 
cover was vented through a length of tygon tubing to the hood sink. 
The exerted pressure blew the cover off and the pot was found in the 
sink. The negative air pressure differential in the hood is approxi- 
mately 1 inch of water. The airflow of the hood is such that a com- 
plete change is made approximately every 4 minutes. 


Nature of injuries or loss 
There were no injuries. 
Remarks 


The definite cause of the fire was not determined, but two possibili- 
ties exist: 
1. The metal turnings were not completely immersed in the 
solution, and as the turnings were dissolved they settled causing 
a friction spark. 
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2. The exposed metal turnings may have oxidized so rapidly 
that ignition may have ianeek 

Either of the two could have caused the flash in the presence of 

hydrogen gas given off by addition of water to the solution. 


FIRE IN PLUTONIUM CONTAMINATED WASTE 





Hanford, Wash., December 4, 1951: 
Nature of incident 


A fire occurred in the contaminated storage area of a research build- 


ing and communicated to the chemical laboratory exhaust hood filters 
and attic. : 


Description of operation 

After the radiation burst, described on page 14, the entire building, 
with the exception of the test assembly room, had been successfully 
decontaminated and left in a neat and orderly fashion. Decontami- 


nation work was proceeding in the test assembly room and on the 
reactor control assembly. 


Details of the incident 


On the day of the incident the building was closed at 5:15 p.m. 
Approximately 4 hours later, a fire was Bitavered by the security 
patrol and reported to the emergency officer of the radiological moni- 
toring unit, and the supervisor of the experiments. It was immedi- 
ately apparent that the fire had originated in the contaminated storage 
room and that it had spread to the chemical laboratory exhaust hood 
filters and the attic. 

(This building was remotely located and a careful emergency pro- 
gram had been worked out which required close coordination of the 
fire department and the radiation monitoring group for this and other 
buildings on the site containing operations with radioactive materials.) 

Oxygen masks and other protective equipment were required due to 
the plutonium hazards. Qualified radiological monitoring personnel 
were present and took necessary measures to insure that procedures 
devised for fighting fires involving plutonium were followed and that 
all personnel and equipment were thoroughly surveyed and decon- 
taminated prior to release from the area. 

Considerable difficulty was experienced in extinguishing the blaze 
in the hood filters. It was necessary to break open the filter unit and 
remove the filter elements to put out the flames and prevent further 
release of plutonium to the atmosphere. 

The total amount of plutonium released was estimated to be be- 
tween 1 and 4 grams. Most of this came from the burned hood filter 
and the remainder from the previously contaminated waste material. 
All surveyable surfaces inside the brittiie gave positive alpha read- 
ings. A part of the released plutonium was washed from the buildin 
by the water used to extinguish the fire, and deposited on the groun 
outside the building. The contaminated ground was covered with 
a to prevent the pickup of active particles from the ground by 
winds. 
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Fire damage in contaminated waste fire. 


Nature of injuries or loss 


There were no injuries. Several firemen and one patrolman were 
found to be slightly contaminated. Decontamination was effected 
by washing with soap and water. Urinalysis samples were taken of 
all personnel working within the roped-off firefighting area. 

Fire damage had obliterated the cause of the fire. It was the opin- 
ion of members of the damage investigating group that the fire orig- 
inated by spontaneous ignition in the contaminated waste boxed in 
cardboard cartons in the contaminated waste room. Large quan- 
tities of contaminated waste in the form of paper, nitric-acid laden 
glass wool, rags, and miscellaneous material known to be contaminated 
were packaged in this manner prior to accumulation of sufficient num- 
ber at beaes to require burial. The exact number of boxes stored in 
this room is unknown but there were at least seven. No waste car- 
tons were added to this accumulation during the 30 hours preceding 
the fire. During this period, several boxes were rearranged to obtain 
access to an electrical outlet. 


Remarks 


It should be noted that the building involved in this and the pre- 
vious incident was built for the purpose of conducting critical mass 
experiments and thus was remotely located and of minimum value. 
It was, therefore, economically feasible to abandon use of the structure 
after the radiation burst and the later fire. 
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Experimental work which might release a high degree of contami- 
nation should be carried out at locations which can be abandoned, 
or - facilities carefully designed to cope with the decontamination 
roblem. 
’ A further lesson to be drawn is that the accumulation of radioac- 
tive waste prior to disposal should not be done in violation of the 
elementary principles of good fire protection. Specifically, good 
housekeeping, segregation of materials liable to spontaneous ignition 
(e.g., nitric-acid-cellulose materials), and a storage location chosen 
with possible spread of waterborne or smokeborne contamination in 
mind, are indicated. An ordinary inconsequential rubbish fire can 
be quite costly if all the elements of risk are not properly evaluated, 


FIRE IN DRY CONTAMINATED WASTE 


Savannah River, December 14, 1954: 
Nature of incident 


Fire in cellulose waste which had been used with nitric acid to clean 
up contamination. 


Description of operation 


A metal mesh cage at the basement level was used for the storage of 
dry contaminated waste. 
Details of incident 

Fire was discovered in the cage. Personnel from the building were 
evacuated to another building because of the possibility of airborne 
radioactive material. 

Smoke spread through portions of the building and an indeter- 
minate area was contaminated. The fire department was summoned 
to combat the fire. Upon arrival they donned respiratory protective 
equipment and protective clothing. The fire was brought under 
control by use of water in approximately 15 minutes. All fire- 
fighting equipment was left at the scene of the fire for decontamina- 
tion. 

Surface contamination resulting from the fire was limited to the 
service floor and the elevator shaft which formed a flue for the rising 
smoke. Negligible airborne activity was detected on the main floor 


of the building. Normal operations were resumed on the following 
shift (day). 


Nature of injuries or loss 


Including damage to building and equipment, cost of labor for 
cleanup, and wages of laboratory employees evacuated from building— 
$665. 


Remarks 

The fire was the result of spontaneous combustion of nitric acid and 
cellulose materials (paper). 

Preventive action taken: 

1. All combustible contaminated waste is being stored outside 
buildings in metal dumpsters. 

2. To eliminate time lost in assembling, equipping, and monitoring 
auxiliary firemen from the maintenance department before entering 
production buildings, employees in each major production building 
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will be trained as auxiliary firemen and used for fighting fires in that 
particular building. 

3. Emergency fire and respiratory equipment will be located in each 
major building for use of auxiliary firemen. 


RADIOACTIVE SODIUM FIRE 


Knolls Atomic Power Laboratory, Schenectady, June 11, 1955: 
Nature of incident 

Fire involving radioactive sodium. 
Description of operation 

Some radioactive sodium was in a “hot” cell for chemical tests. 
Details of incident 

A leak developed in the apparatus and the sodium started to burn. 
The fire was extinguished with a special powder extinguishant which 
was sprayed into the cell. When the fire was discovered, the ventila- 
tion system was shut down and all personnel not essential to the 
operation were evacuated from the building. 
Nature of injuries or loss 

No one was injured and exposure was slight. Only one person 
received more than one roentgen. 
Remarks 


The possibility of such an incident had been anticipated and plans 
made accordingly. When this situation occurred, it was handled 
with a minimum of trouble. 


EXPLOSIONS 


NITRIC ACID REACTION IN EVAPORATOR 


Savannah River Plant, January 12, 1953: 
Nature of incident 

Chemical explosion involving radioactive materials. 
Deseription of operation 


Chemical evaporator involving radioactive material dissolved in 
nitric acid. 


Details of incident 

Explosion occurred during evaporation apparently from organic 
contamination. 
Nature of injury or losses 

There was severe physical damage but no personal injury. 
Remarks 


Recommendations bearing on the radiation hazards were as follows: 
1. Health Physics should be called immediately if radioactive con- 
tamination is spread outside of a regulated area. 
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2. If noxious fumes or radioactive contamination are a possible 
result of an emergency in an area, a depot of protective clothing, gas 
masks, and other supplies should be established at a safe distance. 

3. Areas covered by 2, above, should be so designated to the Fire 
and Patrol Departments and these groups should not approach closer 
than a predesignated distance without the express permission of the 
operating supervision. 


PRESSURE RUPTURE OF DRUMS CONTAINING RADIOACTIVE WASTES 





Knolls Atomic Power Laboratory, Schenectady, February 15, 1953: 
Nature of incident 

Rupture of drums containing radioactive waste. 
Description of operation 

An AEC contractor had for some time concentrated medium and low 
level radioactive wastes in a vacuum evaporator. Since it was known 
that the normally acidic waste materials of this type generated gases, 
provision was made in the standard operating procedure for treating 
the concentrated (60 to 65 percent solids) evaporator slurry to render 
it alkaline (i.e., pH greater than 7) prior to placing the slurry in sealed 
stainless steel drums for storage. 
Details of ineident 


Operators entering the building containing the drummed waste 
noticed an unusual odor. Investigation revealed that one drum had 
“completely ruptured” causing widespread contamination; “slurry 
was spread over the surrounding area for a distance of 10 to 20 feet 
and splattered in other parts of the building for a distance of 30 to 40 
feet.’’ Following the rupture “the drum was blown up against the 
ceiling, * * *” causing, among other things, contamination of an 
overhead crane. The bulging heads on two other drums indicated 
that excessive internal pressure was present. To relieve the pressure, 


these drums were intentionally punctured from a distance of about 
35 feet. 


Nature of injury or losses 
It was estimated that “‘the cleanup will require 4 to 5 weeks and it 


is doubtful whether it will be possible to reduce the degree of contami- 
nation to the levels existing before the incident.”’ 


Remarks 


As a result of this incident, the contractor concluded that the oper- 
ators had failed to check the slurry acidity and that supervision was 
also at fault for having allowed use of nonstandard procedures. 

The report covering this incident indicates that the following cor- 
rective action has been taken to prevent recurrence: 

1. Revision of existing operating procedures. 

2. Closer supervision of operations to ensure that procedures are followed. 


3. The pH of the evaporators must not go below 7 at any time during their 
operation. 
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4. To prevent any change of acidity during the operation, all evaporator feed 
tanks will be checked once a shift and will be maintained at a pH greater than 7, 
which in itself precludes the possibility of the evaporator becoming acidic. 

5. Approval for drumming must be given by the engineer in charge and must 
be based on a laboratory analysis. 


6. The Chemistry Section has been requested to study the nature of the reaction 
which generates gases in acidic slurries. 


MISCELLANEOUS 
HIGH GAMMA DOSE TO HAND 


Los Alamos, N. Mex., February 1949: 
Nature of incident 


Radiation overexposure to the hand from grasping “hot” end of 
gamma source holder. 


Description of operation 


A source holder with a 200 millicurie radium source was kept outside 
the laboratory building leaning against the building with one end on 
the ground. The holder was a piece of aluminum tubing 5 feet long 
and half-inch in diameter with a wire running inside the rod from a 
trigger at one end to a movable jaw at the other. 

Details of incident 

The usual practice of setting down the source holder was to put the 
hot end on the ground and the handle end against the building. On 
the day the incident occurred, there was snow on the ground, so when 
the source holder was placed outside the door, the usual position was 
reversed. 

A short time later, the employee reached out the door and grasped 
the holder in the customary way, forgetting it was upside down. 
Several moments passed before he realized that he had hold of the hot 
end as there was very little to distinguish one end from the other. 
Nature of injury or loss 


There was no injury, although it was estimated that the gamma dose 
to the hand was about 40 r. 


Remarks 


The source holder was provided with a handle similar to a file 
handle over the cold end and the hot end was painted a distinctive 
color. A description of the incident was widely circulated among all 
employees using a similar tool. 


BETA-RAY BURNS ON HANDS 


Operation Sandstone, May 1948: 
Nature of incident 
Beta-ray burns of the skin of the hands of four individuals resulting 
from improper handling of fission samples. 
Description of operation 
During an overseas operation in the spring of 1948, drone aircraft 
equipped with air filters were used to secure samples of the cloud 


resulting from the experimental detonation of nuclear devices. The 
drone planes were landed at the Eniwetok airstrip, the air filters 
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removed from the planes, and the contained filter papers removed and 
packed in lead shields for immediate shipment by air for radio chemical 
study. The individuals who recovered the samples also acted as 
couriers in the return of the samples, and as there were short-lived 
activities of interest, the return flight took off immediately after the 
samples had been packaged and loaded. 

Details of incident 

Injuries occurred following two separate detonations. During the 
poten associated with an earlier detonation, tongs 2 feet in length 
ad been used for handling the filter paper samples, but difficulties 
were experienced due to the wind. In the subsequent two experi- 
ments, the use of tongs was abandoned and the filter papers were 
handled with the hands protected by thin cotton gloves over rubber 
surgeon’s gloves. In one operation, an individual used gloves for 
only a part of the procedure, and discarded them after they became 
contaminated. A monitor apparently made no objection to these 
departures from the established procedure for the operation. It is 
impossible to make any firm estimate of the radiation doses involved 
to the skin of the hands, although the body gamma doses as estimated 
by film badges and radiation meters which the individuals wore were 
1.7r,4.5r, 5.57, and 17.0 r. 

Nature of injuries or loss 

Four individuals received beta-ray burns of the skin of the hands, 
of varying severity. On one man, the burn did not manifest itself 
until about 10 days had elapsed. The burn involved the thumb, 
index, middle, and ring fingers of the left hand. The lesion reached 
its maximum development in about 3 weeks and then began to subside. 
The other three individuals who received considerably greater exposure 
developed signs of injury much more promptly, noting pain and swell- 
ing within a few hours while on their homeward journey. Details of 
the management and clinical progress in the four cases were published 
in 1949." 

One individual has no residual disability except for minimal changes 
in the skin of the left hand believed to be due to his radiation exposure. 
The other three individuals have had skin grafts of the hands. One 
individual has had some small areas of skin grafted as recently as 
June of 1955. This man has considerable disability of both hands 
consisting of flexion contractures, ankylosis of joints of the fingers, 
and subcutaneous tissue atrophy. One has similar changes but less 
severe. Another has essentially no residual functional disability, 
but does have extensive grafted areas on the hands. 


Remarks 

The injuries arose primarily from the failure of the monitor and the 
individuals concerned to recognize the potential danger from beta 
radiation. In the original design of the experiment, sufficient distance 
had been provided so that,the contribution of beta radiation to dosage 
would be negligible. 

To prevent a recurrence of such injuries the experiment has been 
completely redesigned. Changes have been made in the filter holder 
and associated equipment designed to permit completely remote 
handling and packaging of such samples in all subsequent tests. 


it Knowlton et al.: Journal of the American Medical Association, 141, pp. 239-246 (Sept. 24, 1949). 
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RADIATION MACHINERY INCIDENTS ” 


Nature of incident : 
Two cases of persons being irradiated by a linear accelerator. 
Description of operations 


The incidents occurred at a university linear accelerator being 
operated for research purposes. 

Details of incident 

Case I—Two graduate students, who were employed as research 
assistants were at work in a room closer to the target end of the 
machine than to the control panel. They had installed the target in 
the machine and were engaged in observing the recording of particular 
counts as reported in the counting equipment in the room. On two 
occasions they decided that the target was not properly installed and 
went from the room to the end of the machine to adjust the target 
The first time both persons followed proper proceduré in that they 
notified the accelerator operator by phone before leaving the réom 
that they were going to the machine to adjust the target, and they 
also removed from the rack the high voltage interlock key, the absence 
of which from the lock makes it impossible to turn on the accelerator 
beam. They adjusted the target, returned to the room, replaced the 
interlock key, and informed the accelerator operator that all was well 
again. 

After some time, they concluded that the target was not yet properly 
alined and they left the room to adjust it. This time they failed to 
inform the operator of their intention, did not remove the interlock 
key, ignored warning lights and signs, and the sound of the accelerator 
klystron pulsers. They went into the target area, pushing aside a 
number of heavy coaxial cables which were in their way. One experi- 
menter leaned over, adjusted the target by hand, and then bent over 
still more to make the alinement by eye. When he did so, he noticed 
a bluish irridescence in his eyéglasses. The other experimenter stood 
right behind him. Upon seeing the flash, the first immediately stood 
up. Both realized what had happened, and both left immediately 
and informed the operator of what had happened. 

The incident was immediately reported and a physician called in. 
A series of measurements and calculations were made to determine 
the probable exposure. The subject was studied intensively by the 
physician for several weeks. No signs of damage were found: After 
3 weeks, the physician permitted him to return to the laboratory and 
he has continued service since then. 

An unusual situation existed at the time of the accident which made 
it possible. An extension of the building was being constructed at 
the target end of the accelerator. Temporarily, a partition existed 
between the two sections and, as a result, the target end was not com- 
pletely barricaded. On the other hand, both of the experimenters 
were experienced graduate students, well aware of the hazards and 
of proper safety precautions. The one who was exposed in particular 
had spent more than a year as a full-time accelerator operator, and 
it has been a part of his job as such to concern himself with the safety 
of persons in the building during operation. In addition, the re- 


12 NoTE.—These incidents did not occur at an AEC site but are included because they represent the 
radiation hazard which is present with these machines. 
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quirement that experimenters work in tandem was made primarily 
to assure that safety precautions would be observed. 

After this incident, operations were suspended until the target area 
had been enclosed. 

Case II—The second exposure involved an inexperienced part- 
time worker, whose job it was to fill vacuum pump traps with liquid 
nitrogen on Saturday and Sunday afternoons. Three circumstances 
contributed to this exposure. First, the man had not been adequately 
indoctrinated and hence did not pay attention to warning devices 
or signs. Second, it was possible for him to enter the halfway station 
acrobatically from the top of the accelerator shielding instead of 
through the interlock gates at front and back end, and he did so in 
order to save time. Third, an unwarranted assumption was made by 
the accelerator operator that this person was no longer in the halfway 
station, and so the accelerator beam was turned on while he was still 













in. 

The trap filler had told the operator that he was about to fill traps 
in the halfway station and the accelerator was put out of operation. 
The person was subsequently seen by an experimenter on the other 
side of the accelerator in a safe area, and the experimenter concluded 
that the halfway station traps had been filled. However, the trap 
filler was merely getting more liquid nitrogen to use, and he twice 
returned to the halfway station. Meanwhile, the operator was 
warming up the machine and putting it into operation. : 

In the experiment going on at the time, the electron beam was 
diverted from the accelerator into a magnet spectrometer in the 
station. After emerging from the spectrometer, the beam came out 
into the air in a direct line to intercept the trap filler at one of the 
traps. It was estimated that the trap filler was in this position for 
approximately one-half to 1 minute, and in the general area, but in 
a less exposed position, for another minute or so. The effect of the 
direct-line exposure to the beam would undoubtedly have been more 
serious had it not been for a very fortunate circumstance, namely, 
that on that particular day a television camera had been installed 
on a homemade wood mount to monitor the beam as it came out of 
the spectrometer. The wood mount was located between the spec- 
trometer and the trap in such a position as to stop the beam in some 
measure, but chiefly to spread it. 

The subject was intensely studied by the clinic and no signs of 
any damage were found. He is presently at work for the laboratory 
but in a job which does not involve any exposure to radiation. 

Following this incident, conditions were studied quite thoroughly 
and various measures taken. The halfway station was the only point 
at which acrobatic entry could be made to an area in which the electron 
beam emerges into air. The problem of providing a permanent roof 
for the station poses major structural problems which have not yet 
been solved, but a frame and wire top has been installed, operating 
procedures and discipline have been tightened, and a system for more 
adequate indoctrination of all laboratory personnel was initiated. 























NITROGEN ASPHYXIATION 










Knolls Atomic Power Laboratory, March 18, 1951: 






Nature of incident 
An employee was asphyxiated when he used an air-line mask which 
was accidentally supplied with nitrogen. 
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Description of operation 


Employees entering an area where there was a serious hazard with 
respect to inhalation of radioactive materials were required to use 
air line masks. The air line was also used to provide instrument air. 


A regular compressor and a standby compressor were provided on the 
air line. 


Details of incident 


Over the weekend, both compressors were out of service, so bottled 
nitrogen was manifolded into the line to maintain instrument air 
pressure. An employee working alone entered a radiation-hazard area 


and was found dead due to asphyxiation because of the nitrogen 
substitution in the air line. 


Nature of injuries or loss 
One fatality. 


Remarks 


No radiation was involved in this incident; the fatality was due 
indirectly to the fact that the area was one in which the precautions 
against exposure to radioactive materials made it necessary to use the 
air line. 

The closest control must be maintained over all operations involving 
the use of supplied air or self-contained masks. Basic rules should 
include: 


1. No employee should enter an area requiring such equipment 
unless tended from outside. 

2. Breathing-air systems should be used for this purpose only. 

3. Air-line respirators should include a self-rescue air cylinder. 

4. Employees should be instructed in the difference between acute 
and chronic radiation hazard. 

5. Where such equipment is used in a situation where the life hazard 
is not acute, employees should be instructed to remove the mask and 
leave the area if trouble develops with the mask. 
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UF, LEAKS 
Nature of incidents 


A number of leaks of UF, (uranium hexafluoride) have occurred 
due to mechanical failures of equipment. 


Description of operations 


UF, is the gas used in the isotopic separation of U*™ and U**. It 


is handled through miles of piping and thousands of pumps and similar 
equipment. 


Details of incidents 


From time to time leaks occur from. the same causes as occur in 
any chemical plant. 


Nature of injuries or loss 


The radiation hazard is unimportant. UF, reacts with H,O in the 
air to form HF, thus personnel exposed may receive HF burns. In 
heavy concentrations, the UF, may react directly with body tissues. 


temarks 
Leak prevention control procedures parallel those for HF. 


INADVERTENT EXPOSURE AT TEST 

Nevada Test Site, March 1, 1955. 
Nature of incident 

An overexposure of radiation was received by a security guard. 
Description of operation 

The security guard was to accompany the radiation safety monitors 


into the exclusion area after a weapons test and establish surveillance 
of equipment. The guard had his own vehicle. 


Details of incident 


When he arrived at the place where he was to meet the monitors, 
the guard found that they had already left and started out after them. 
Somehow he lost his way and drove beyond the safety point that had 
been set up. When it became apparent that he could not find the 
radiation safety monitors, he contacted his headquarters, by radio, 


and notified them of his position. He was immediately ordered out 
of the area. 


Nature of injury or loss 


The guard’s film badge indicated he had received a dose of 39 r. 
However, continuing blood analyses and physical examination indicate 
no radiation symptoms. 


Remarks 


The radiation safety plan has been revised to prevent a recurrence 
of this incident. 


RADIATION 
Hanford, May 11, 1953: 


Nature of incident 
Inadvertent handling of irradiated solid aluminum pieces. 


EXPOSURE 
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Description of operation 

Three irradiated solid aluminum pieces were washed out of the front 
face end of a process tube on the 105—DR reactor. Two nearby em- 
ployees, thinking that these aluminum pieces were ‘‘cold’’ pieces that 
they were in the process of charging, each picked up one of the ir- 
radiated pieces. One of these employees handed his piece to another 
employee who was to “charge” it before it was realized that these 
pieces were prob.bly irradiated. 










Nature of injuries or loss 

Eleven people were nearby at the time of the incident, though it 
is believed that only six of them received exposure in excess of the 
permissible limit. Of these six, only three (those who had handled 
pieces) were believed to have received significant overexposure. Each 
was estimated to have received a hand dose of 100 r. The beta hand 
dose was estimated to range for the three employees from a possible 
minimum of 30 rad to a maximum of 330 rad. The maximum ‘whole 
body” dose was estimated to about 3.5 rad including 2 r. 













Remarks , 

More adequate communications were established between the 
charge face and discharge face of the reactor to prevent one group from 
opening a tube while the other end of the tube was still under high 
water pressure. 

More adequate prejob planning measures were inaugurated. 

Note.—It was not realized prior to the incident that lightweight 
(aluminum) pieces were upstream from the main charge. Also it was 
not known that the comparatively low water pressure that was on the 
tube could wash out such aluminum pieces under the conditions 
planned. 













RADIATION BURN 


Los Alamos, September 1948: 
Nature of incident 

Employee received radiation burn. 
Description of operation 

Employee was unpacking radioactive material. 
Details of incident 

While unpacking material he allowed it to rest against his leg. 
Nature of injuries or loss 


The man received a radiation burn on his ankle. He lost 36 days 
from work. Compensation was paid. He made a full recovery. 
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(a) Makes any warranty or representation, express or implied, with 
respect to the accuracy, completeness, or usefulness of the information 
contained in this report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not infringe privately 
owned rights; or 

(6) Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, “person acting on behalf of the Commission’’ 
includes any employee or contractor of the Commission to the extent 
that such employee or contractor prepares, handles or distributes, or 
provides access to, any information pursuant to his employment or 
contract with the Commission. 

This report has been reproduced directly from the best available 
copy. 

PREFACE 


This publication is intended to summarize the incidents involving 
radioactive materials which occurred in atomic energy activities 
during 1956. It supplements TID-5360, ““A Summary of Accidents 
and Incidents Involving Radiation In Atomic Energy Activities— 
June 1945 Through December 1955.” 


COBALT-—60 EXPOSURE 


Milford, Conn., January 10, 1956. 
Nature of incident 

Workman picked up an encapsulated 1,600 mc. cobalt—60 source. 
Description of operation 


A cobalt-60 source, attached to a string and suspended to a floor 
below, was being used on a construction job to radiograph welds. 
Details of incident 

An employee of the construction contractor removed the cobalt—60 
capsule from the string and put the capsule into his shirt pocket, 
removing it several minutes later to the glove compartment ofhis 
automobile. 

Nature of injuries or loss 

The employee received an estimated whole body gamma dose of 22 
to 26 rads and an estimated dose to two small skin areas of about 
3,600 reach. There were no latent effects and no blood changes were 


detected. Three others in his car pool were exposed: to estimated 
doses of less than 7 r. 


SLIGHT CONTAMINATION OF CONSTRUCTION AREA 


Oak Ridge National Laboratory, January 16, 1956. 
Nature of incident 


The work area of a construction company was slightly contaminated 
as a result of nearby laboratory operations. 


Details of incident 


A construction area was slightly contaminated when radioactive dust 
was ejected from a nearby laboratory. As a routine precautionary 
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measure, articles of clothing, such as caps, gloves, coats, and shoes, 
were removed from the 26 employees in the area for cleaning. 
Nature of injuries or loss 


No one was exposed to more than a small fraction of the maximum 
permissible daily dose. No ill effects resulted. 


PLUTONIUM CONTAMINATION TO HANDS 


Hanford, Wash., January 17, 1956. 
Nature of incident 

Plutonium contamination to employee’s hands. 
Description of operation 

Manual handling of radioactive material. 
Details of incident 


Operator was doing routine work when a plutonium bearing organic 
solution caused deterioration of his rubber gloves. 

Most of the initial skin contamination (about 100 milligrams of 
plutonium) was removed by washing, although it required a period 
of 50 — to remove the remaining 200 micrograms of radioactive 
material. 


Nature of injuries or loss 

Bioassay results obtained several months after the incident indi- 
cated that the internal deposition of soluble plutonium did not exceed 
5 percent of the maximum permissible body burden. 
Remarks 


The main objective of the decontamination procedures was to 
minimize absorption through the skin. 


EXPOSURE INCIDENT 


Las Vegas, Nev., January 18, 1956. 
Nature of ineident 

Four employees were exposed to radiation. 
Description of operation 


The employees were recovering samples from a nuclear test area in 
Nevada. 


Details of incident 

After the prescribed time which was set up before the test, four men, 
dressed in proper protective clothing, entered the hazardous area to 
recover samples. It had been prearranged to have a monitor enter 


the area in advance of the men; however, they entered the area without 
the monitor to redeem the samples. 


Nature of injuries or loss 
The four employees received external radiation exposures of 4r, 14r, 
19r, and 28r, respectively (the recommended permissible level at the 


time was 3.9r/13 weeks). After examination, the men showed no signs 
of ill effects. 
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CRITICALITY INCIDENT 





Oak Ridge National Laboratory, February 1, 1956. 
Nature of incident 
Neutron and gamma ray exposure. 
Description of operation 
Criticality experiment with experimental reactor. 
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Details of incident 
A homogeneous UO,F, water moderated critical assembly was put 


on a@ prompt critical period by an overaddition of fuel to the assembly. 
Before reaching the critical point, the hand-operated valve (see sketch 
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A—(a)) was turned off. However, fuel continued to be added to the 
reactor due to air pressure in the line. Although the automatic safety 
system operated, assuring termination of the burst, considerable fuel 
was displaced from the reactor. The number of fissions in the burst 
was estimated to be about 1.610". 


Nature of injuries or loss 


No serious exposures resulted since all personnel were shielded by a 
minimum of 5 feet of concrete. There was no significant property 
damage and all uranium was recovered. 


Remarks 

Although it was determined that this incident was initiated by an 
overaddition of solution to the reactor, later measurements showed 
that fuel will continue to be added to the reactor for several seconds 


after the control switch is placed in the “drain”’ position if insufficient 
time is allowed for the operating pressure to be vented. 


RAILROAD CAR CONTAINING SCRAP URANIUM DEMOLISHED 


Between St. Maries and St. Joe, Idaho, March 24, 1956. 
Nature of incident 

Train derailed (see photograph); one car contained scrap uranium. 
Description of operation 

Scrap uranium was being transported between plants by rail. 


Details of incident - 
_A train which contained a carload of scrap uranium was derailed 
by a rock and snowslide. The car containing the scrap uranium was 
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demolished and the contents spilled on to the right-of-way. Radia- 
tion detection instruments were used in locating the material. 
Nature of injuries or loss 


Loss involved 60 pounds of uranium scrap believed to be buried 
under the earth and rock. There was no radiation exposure to per- 
sonnel. 


Remarks 


All the material involved, with the exception of the 60 pounds, was 
recovered and it was determined that further search for the un- 
recovered scrap was not economically justifiable. 


DERAILMENT OF FREIGHT CAR TRANSPORTING A URANIUM COMPOUND 


Western Mont., April 20, 1956. 
Nature of incident 
Train derailed. (See photograph.) 
Description of operation 
Transporting drums of uranium compound by rail. 
Details of incident 
Twenty-six cars of a freight train were derailed as a result of a broken 
rail. The car containing the uranium compound was immersed in a 


river. ‘The car was removed from the riverbed intact and all the ma- 
terial was recovered. 


Nature of injuries or loss 


The material was not highly radioactive and no health hazard was 
involved. 
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BETA 





RADIATION BURN 


Los Alamos Scientific Laboratory, April 30, 1956. 
Nature of incident 

Beta radiation injury to employee. 
Description of operation 

During a routine radiochemistry procedure, a tool used for prepar- 
ing neutron sources was removed from a hot cell to be decontaminated. 
Details of incident 


The tool was removed from the hot cell into the radiation room by 
the use of along pole. Then it was put into a bucket (by hand) and 
taken to the sink for decontamination. During the decontamination 
process, the employee noticed that his pocket dosimeter was off scale. 
He immediately went to the monitoring station for a check. It was 
ascertained that rubber gloves were worn during the entire operation; 
the manner of contamination therefore could not be determined. 


Nature of injuries or loss 
The injured was hospitalized 14 days, for skin grafting to the middle 


finger, left hand, as a result of a beta burn received apparently when 
the tool was placed in the bucket by hand. 


GAMMA EXPOSURE INCIDENT 


Fort Belvoir, Va., May 14, 1956. 
Nature of incident 

Fifteen to twenty-five employees were exposed to gamma rays. 
Description of operation 

Radioactive iridium 192 was being used for field X-raying welds. 
Details of incident 

While working near a portable radiographic source, the employees 
were exposed to small doses of gamma radiation when a cap was 
knocked off a pig containing a 32-curie iridium source. The cap was 
set lightly on top of the pig with a string coming out of the pig. The 
string became entangled some time during the day and was pulled 
out of the pig, knocking off the cap and exposing the source. The 


men working on and around the scaffold, on which the pig had been 
placed, were exposed. 


Nature of injuries or loss 


The maximum amount (6 r) of radiation which could have been 
received by these employees would not be enough to cause any illness. 
No abnormalities were indicated by results of laboratory examina- 
tions. They returned to work the following day. 


Remarks 


This incident is attributed directly to the fact that the employee 
failed to store the source in accordance with outlined procedure. 
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EXPOSURE TO PLUTONIUM 


Hanford, Wash., June 18, 1956. 
Nature of incident 

Several employees received significant body burden of plutonium. 
Description of operation 

The men were doing semiroutine work in a chemical plant control 
room. 
Details of incident 

Some highly concentrated plutonium solution backed up in the 
instrument line of an air-operated valve and about a pint escaped 


into the control room. Personnel in the area were exposed to air- 
borne plutonium. 


Nature of injuries or loss 

One employee was hospitalized 4 days for observation, decontami- 
nation, and special treatment; a second and third were given treat- 
ment at the hospital (no lost time) in connection with inhaled plu- 
tonium. 

An estimated cost of $5,000 was incurred for decontamination of 
the plant. 
Remarks 

The committee investigating the incident made the following 
recommendations: 

1. The plant should review existing process equipment where pipe- 


type connections are present between process cells and operating 
area. 


2. Action should be taken immediately to eliminate obvious poten- 
tial hazard of the type which caused this incident and on a long- 


range basis to reduce generally the potential for process solution 
blow-backs. 


3. All building safety rules should be reviewed and revised as nec- 
essary to specify the minimum requirements for protective personal 
clothing to be worn while working in chemical plant area. 


CONTAMINATION INCIDENT 


Los Alamos, N. Mex., June 21, 1956. 
Nature of incident 

Contaminated blotting paper blew around the room during an 
experiment. 
Description of operation 

Experiment involved highly radioactive material. 
Details of incident 

During the course of the experiment, the piece of blotting paper, 
which had become contaminated with radioactive material, blew 
around the room for some eas reason, causing contamination 

1 


of the area. There was a possibility that all of the occupants of the 
room were exposed. 
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Nature of injuries or loss 


Eight employees were exposed within the permissible limits; two 


received maximum permissible exposure. No one required hospitali- 
zation or treatment. 


No dollar loss due to contamination was involved. 


JACKET FAILS ON SOURCE 


Eniwetok Proving Ground, June 23, 1956. 
Nature of incident 


Plutonium oxides were released from a plutonium alloy instrumenta- 
tion source. 


Description of operation 
Plutonium. instrumentation source stored in trailer. 
Details of incident 


Plutonium oxides were released when the jacket failed on the source 
stored in a house-type trailer. The failure of the jacket caused con- 
tamination to about 15 persons and their living quarters, including 
clothing and bedding. Decontamination was carried out according 
to standard procedure and items too heavily contaminated to be made 
usable were buried at sea. 

Nature of injuries or loss 


Bioassays were made on all personnel exposed and it was found that 
all body burdens were negligible and well below permissible amounts. 


THORIUM EXPLOSION 


Bayside, N.Y., July 2, 1956. 
Nature of incident 


A thorium explosion occurred in a metallurgy laboratory which 
resulted in injury to nine employees. 


Description of operation 
Burning of thorium metal for conversion to oxide in a hood. (This 


conversion is standard procedure for handling uranium and thorium 
scraps to reduce fire potential during subsequent shipment.) 
Details of incident 

One of the employees in the laboratory (wearing personal protective 
equipment) took a piece of thorium metal about the size of a golf 
ball from a drum which contained 30 to 40 pounds of the material 
and put it onto a tray, located inside the ventilated burning hood, 
by means of a pair of tongs. (Some of the metal in the form of wafers 
had already been fired in the tray to act as a source of ignition for the 


new material.) There was an immediate sharp explosion, followed 
almost immediately by a second blast. 


Nature of injury 

Nine-persons received injuries as a result of the explosion; four of 
these were hospitalized because of burns and other injuries, and one 
died about 5 weeks later. Except for four laboratory workers, the 
analyses of urine specimens from all persons associated with the 
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incident (firemen, policemen, etc.) showed no detectable intake of 
radioactive materials. The four men directly involved did not 
exceed the permissible body burden for uranium or thorium. 

Measurements were made both inside and outside the building dur- 
ing the first 4 hours after the explosion for alpha surface contamination 
and for direct radiation from beta and gamma; no significant radiation 
was evident. Property damage was estimated at approximately 
$125,000. 

INTERPLANT SHIPMENT ACCIDENT 


Monterey, Tenn., July 9, 1956. 
Nature of incident 

Trailer-truck overturned and caught fire. 
Description of operation 

Transportation of slightly radioactive material. 
Details of inerdent 

The braking system reportedly failed on a downgrade and the 
driver lost control of the unit as he attempted to negotiate an ‘‘S’’ 
curve. The vehicle skidded across the highway into a soft. ditch, 
plowed up the shoulder for approximately 100 feet, then up an em- 


bankment on the left side of the road, overturned, and burned (see 
photographs). 


Nature of injuries or loss 


_ The driver was hospitalized for burns and bruises resulting from 
the accident. There was no loss of material. 





RADIATION HAZARDS AND WORKMEN’S COMPENSATION 309 





310 RADIATION HAZARDS AND WORKMEN’S COMPENSATION 


WORKMEN EXPOSED TO RADIATION ON A REACTOR 


Materials Testing Reactor, Idaho Falls, July 23, 1956. 
Nature of incident 
Eight men received radiation exposures from large gamma source. 


Description of operation 

The Materials Testing Reactor was shut down for scheduled refuel- 
ing and experiment installation operations. 
Details of incident 

Six employees were working on the reactor top adjacent to the re- 
actor tank opening; two men were present as observers and advisers. 
The exposure occurred when a highly radioactive reactor component 
was placed in a position where it was not adequately shielded because 
of lowered water level in the reactor tank. The moving of the 
component and the coincident lowering of the water level were both 
done to facilitate insertion and removal of experiments in the reactor. 
Nature of injuries or loss 

The eight employees received radiation exposures ranging from 2.5 r 
to 21.5 r, which was not sufficient to cause Nines to any of the men, 
although they were placed under routine medical observation. 
Remarks 


Full-time radiation monitoring service ‘will be provided at this 
location as soon as the necessary health physics personnel can be 
obtained. 


DOCKSIDE TEST OPERATIONS RESULT IN SLIGHT EXPOSURE 


Seawolf, August 19, 1956. 
Nature of incident 
Seven persons were exposed to radiation. 
Description of operation 
Dockside test operations on the Seawolf, 
Details of incident 
The men received minor radiation doses, the highest of which was 
1.1 r. The exposure occurred during the testing procedure and was 


not the result of a malfunction of the nuclear reactor or of normal 
plant operations. 


Nature of iniuries or loss 


No radioactivity was released to the air or water. No ill effects to. 
the exposed personnel resulted, and no damage to the ship or equip- 
ment was involved. 


PLUTONIUM CONTAMINATION INCIDENT 


Hanford, Washington, September 21, 1956. 


Nature of incident 
Plutonium-bearing solution splashed on employee. 
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Description of operation 

A container of plutonium-bearing solution was being prepared for 
shipment. : 
Details of incident 

In filling the container, some of the solution rested in the recess at 
the mouth of the container in which the gasket sits. When the cover 
was applied, drops of the solution splashed out on to the employee’s 
chest and face and into his mouth. Decontamination procedures 
were instituted and all accessible parts of his body were adequately 
cleaned. 
Nature of injuries or loss 

Emplovee was sent to the hospital (no lost time) for observation. 
The results of biological tests indicated that the amount of plutonium 
in his body was below the permissible body burden. 
Remarks 


No serious consequences are anticipated as a result of this incident. 


SPONTANEOUS MASSIVE THORIUM FIRE 





Detroit, Mich., September 22, 1956. 
Nature of incident 


A spontaneous fire occurred in a drum of thorium metal pellets en 
route to an AKC licensee. 


Description of operation 
Railroad shipment of thorium pellets. 
Details of incident 


The shipmerit arrived at the Railway Express Agency warehouse 
where it was loaded onto a truck for further transport. A few minutes 
after loading the truck, smoke was noted rising from the load. The 
source of smoke was found to be a drum which was pushed from the 
trailer and allowed to burn itself out. The fire lasted about 2% hours. 


Nature of injuries or loss 


No one involved in the incident received any exposure of thorium 
or radiation in excess of maximum permissible amounts. 


RADIOACTIVE SHIPMENT ACCIDENT 





Pleasant Valley, Oreg., December 11, 1956. 
Nature of incident 

Semi-tractor-trailer truck loaded with two casks containing radio- 
active slugs went over an embankment. 
Description of operation 

The slugs were being transported between plants by tractor-trailer. 
Details of ineident 

On a rainy morning*(temperature 26°, resulting in a glazed road) 
a semitrailer was coming out of a downgrade “S” curve when the 
trailer started slipping toward the right on the outside of the curve. 
In the next 150 feet, the trailer went over the bank (see photograph) 
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and was dragged behind the tractor which was maintaining traction 
on the shoulder. The weight of the trailer (21 tons) was straining on 
the kingpin and fifth wheel and, as the trailer slipped further down the 
25° slope, the fifth wheel tore loose from the tractor causing the tractor 
to flip over on its right side. The trailer started rolling down the 
embankment. The rear cask broke loose during the roll and stopped 
in an inverted position on a shelf about 30 feet below the road surface. 
The trailer continued rolling to an upright position where it stopped 
with the forward cask still secured to the bed although it had slipped 
to the left about 12 inches and flattened the stainless pan side. 


Nature of injuries or loss 

Neither the driver nor the relief driver was seriously injured; the 
latter was sent to the hospital for observation. 

An instrument survey was made of the equipment, area, and per- 
sonnel. All slugs remained safely in the casks. 
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PLUTONIUM CONTAMINATION INCIDENT 


Hanford, Wash., (date not given). 
Nature of incident 

Contamination by plutonium carried by flushing solution. 
Description of operation 

Cleaning of a plutonium concentrator cell line by means of steam 
pressure. 
Details of incident 

The plant had been shut down to clear a plugged line in the plu- 
tonium concentrator cell. In the course of the work, inadequate 
venting resulted in the system being pressurized with air. Plutonium- 
containing flushing solution and mist were forced into the gallery 
from temporary instrumentation connected to the tank, contaminating 
about 300 feet of the gallery, and causing extensive skin and clothing 
contamination of a chief operator. A maintenance foreman also 
received hand and clothing contamination, but to a lesser extent. 


Nature of injuries or loss 

No employees were overexposed to radiation. The costs for plant 
decontamination and equipment replacement were $20,000 and 
$30,000. 


Remarks 


Clear step-by-step procedure should be written for all nonstandard 
operations and given formal status. The use of temporary manom- 


eters on plant process equipment should be rigidly limited and con- 
trolled. 
TRITIUM EXPOSURE 


(Location and date not given.) 


Nature of incident 
An employee was exposed to tritium. 


Description of operation 
Employee entered a ventilated area to make an equipment change. 


Details of incident 


When the employee opened the shielding door to the extraction 
furnace, the plastic bag pulled off the ring and, due to the lower pres- 
sure, was drawn into the space between the furnace and the shielding 
wall. Instinetively, the employee attempted to grab the bag but 
failed, so he inserted one hand and arm up to his shoulder into the 
port to retrieve the bag. He did not know whether he had handled 
the clean or contaminated side. After fastening the bag in place, the 
employee removed his gloves and did not wash his hands. Approxi- 
mately 30 minutes later he went for a smear count which indicated 
that he had received more contamination than the permissible limit. 
He was instructed to immediately take a shower. 


Nature of injuries or loss 
The employee did not suffer any injury nor was he hospitalized. 
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Remarks 


Although the cause of this incident cannot be determined, it has 
pointed out the need for additional control of access to areas of high 
potential hazards. 


JANUARY THROUGH DrcEMBER 1957 
REACTOR ACCIDENT 


Santa Susana, Calif., January 4, 1957. 
Nature of accident 


High level volatile activity was observed in a KEW®S reactor 
building. 


Description of operation 


The contamination of the reactor test building occurred during a 
series of routine operating reactor tests which involved the use of the 
auxiliary apparatus. 

Details of the accident 

One person was exposed to high level volatile activity for approxi- 
mately 10 seconds, receiving approximately seven times his daily 
breathing tolerance based on pessimistic assumptions for the calcula- 
tion. An independent estimate showed the exposure to*be less than 
one daily tolerance dose. A survey showed no particular contamina- 
tion outside the reactor test building. Some low level gaseous activity 


was detected in the electrical building, which is located immediately 
above the test building. Within 24 hours, the activity in all rooms 
of the test building was reduced to background by the use of the forced 
ventilation system provided for the building. The building was then 
entered and inspected; the leak appeared to be caused by the failure 
ofa vacuum pump. The pump was replaced and the necessary decon- 
tamination was completed. 


Nature of injuries or loss 

The member of the KEWs staff exposed to the activity had entered 
the test building on schedule, 15 minutes after shutdown, to measure 
the core pressure. A radiation survey at the door indicated no unusual 
radioactivity in the valve gallery. As this was being done another 
staff member checked the remote continuous gas sampler and found 
it above breathing tolerance. The test building was vacated im- 
mediately after about 10 seconds of occupancy. 

The employee’s internal dose was less than 50 mr. No measurable 
(less than 1 mr) external whole body dose was received during the 
incident. No detectable activity above normal background was 
found by radiourinalysis during the ensuing 36 hours. 


Remarks 

The apparent cause of the contamination was the malfunction of 
equipment which had operated satisfactorily for a period of 7 months. 
This equipment was a part of the auxiliary plumbing system and was 
not an intregal part of the reactor system. 

The activity levels resulting from the contamination were relatively 
minor and were easily removed. After the decay of the volatile 
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activity, the cleanup job might be compared to that required in the 
event of a radioactive spill in a radioisotope laboratory. 
The KEWB test facility was shown to be properly equipped to 


handle contamination of a much greater magnitude than that described 
here, 


GODIVA 


Los Alamos, N. Mex., February 12, 1957. 
Nature of accident 


A fissionable material assembly, remotely operated, produced a 


neutron burst greater than intended, resulting in a rupture of the 
assembly. 


Description of operation 


A neutron-producing assembly, called Godiva because of its bare 
configuration, was to be used to irradiate uranium-loaded graphite 
stmples. The samples were to be heated in a shielded furnace, ex- 
posed to a “prompt” burst of neutrons and then transferred to a 
counter for evaluation. The experiments are conducted at an iso- 
lated site in a building separated from the control room (and all 
personnel) by about a quarter of a mile. The mechanisms are oper- 
ated remotely. Although excessive radiation, to the degree experi- 
enced in this accident, does not occur routinely it is not entirely 
unexpected. 

The prompt burst is produced by bringing together different sec- 
tions of U?** to form asphere. The exact degree of criticality is deter- 
mined by preset control or reactivity rods, also enriched with U2*. 
The assembling was expected to achieve a condition slightly above 
prompt critical, a condition which produces a burst of 10'* fissions or a 
total energy of about 100 watt-hours. The heat of the reaction ex- 
pands the uranium and reduces the reactivity below promipt critical, 


thus terminating the burst, and then the parts are mechanically 
separated. 


Details of accident 


On the occasion of the accident, preliminary bursts were being 
produced. In the process of lowering the top safety block, the un- 
expected burst occurred, a burst that was estimated to have produced 
1.2 x 10” fissions or about 12 times the normal energy of a prompt 
burst and about twice the energy of a previous incident which occurred 
in 1954. The energy was great enough to tear the uranium parts 
from the assembly (knocking one to the floor), and distorting the steel 
rods in the frame. The uranium was deformed and there was much 
more surface oxidation than usual. 


Nature of injuries or loss 


There were no personal injuries or overexposures. As stated above, 
the operation was carried out remotely and no overexposures would 
be expected. No gamma radiation above background was detected 
outallle the building. Radiation levels in the building were high 
initially—7 r. per hour gamma just inside the door (12 feet from 
Godiva) and 5,000 to 20,000 counts per minute (per 55 cm? probe) 
alpha on horizontal surfaces about the room—therefore cleanup pro- 
cedures were delayed 2% days until scrub-down could be completed 
without unnecessary exposure to cleanup personnel. 

844845922 
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Property damage 


The total property loss was estimated at $2,400, distributed \as 
follows: 
Vue GUT oon ae eet ences suse eee eed saeco $200 


Damage to frame and electronic equipment (too contaminated to clean)_. 2, 000 
Cleanup labor-_--- - - - pn ca me RIE. 0. tk Saigare ie eas ae Bent Cs 


OUR acts oa it 2, 400 


The building was placed back in operation 8 days later. Personnel 
were utilized in other activities in other facilities. One important ex- 
periment was carried on in this building during this period with the 
personnel wearing protective clothing. 

Remarks 


The burst was believed to have been caused by accidental move- 
ment toward Godiva of an incidental neutron reflector (the furnace 
for heating the sample) causing additional reactivity and a neutron 
burst above that expected. The neutron reflector may have been 
a by the action of pneumatic cylinders which operate the as- 
sembly. 

Godiva will be replaced with a bare uranium device designed spe- 
cifically for prompt burst production. To insure reliability of oper- 
ation the following features will be incorporated: 

1. Rigid mounting of uranium. 

2. Uranium will be plated to prevent flaking. 

3. Inflexible geometry. 

4. Combination gross-mass adjusting rod and auxiliary scram, 
fixed value reactivity booster for burst generation. 

5. Cage to establish minimum spacing of objects to be ir- 
radiated. 


6. Remotely positionable neutron source. 


AIRBORNE IRIDIUM 192 IN LABORATORY 


Texas, March 13, 1957. 
Nature of accident 

Release of radioactive iridium 192 in a laboratory. 
Description. of operation 

The encapsulation of radioisotope sources. 
Details of accident 


Two employees, one in protective clothing and respirator and one in 
street clothes, were engaged in opening a sealed aluminum can con- 
taining 10 radioactive iridium sources consisting of iridium-aluminum 
pressed pellets %-inch by \-inch right cylinders. Each pellet con- 
sisted of approximately 35 curies of iridium 192. To permit the 
removal of the plug containing the pellets from the can, the end of the 
can was cut with a jeweler’s lathe in a sealed plexiglas box which, in 
turn, was in a hot cell consisting of 33-inch thick concrete walls, a 
shielded window, and an open top. Remote control slave manipu- 
lators were used by the operators. This operation was completed in 
the morning. 

The can was allowed to remain in the sealed plexiglas box for a 
period of time to permit any contamination to settle in the box, 
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After hunch an employee, again dressed in protective clothing consist- 
ing of white pants, shirt, shoes and respirator, opened the sealed box. 
The second employee who was present that morning was again present 
in street clothes. The can was removed from the box and placed on 
a paper mat on the floor of the hot cell, and when the plug was removed 
from the can it was observed that portions of the first two pellets were 
in particle form. Some of the particles fell onto the paper mat. 
During this operation the air monitor device in the laboratory indi- 
cated the presence of airborne radioactivity. Subsequently, the em- 
ployee in street clothes left the laboratory. The employee wearing 
protective clothing remained in the laboratory. The exact extent or 
timing of the work he then performed is not. known, but it did involve 
the placing of the eight intact and two partial pellets, together with 
the particles of iridium 192, in the storage pit at the bottom. of, the, 
hot cell. Before this employee left the hot cell he placed the storage 
pit lid in place. He removed his protective clothing, took a shower, 
and dressed in his street clothes before leaving the premises. 

Between the afternoon following the removal of the pellets from the 
plug and on or about 1 month later, the following events occurred: 

(a) The eight intact and two partial pellets were encapsulated and 
placed in a storage well. 

(b) The air monitor in the laboratory was placed back in service. 

(ec) The jeweler’s lathe and paper mat were placed in a waste 
storage pit. 

(dq) The hot cell was washed with soap, water and sponges, which 
lowered the radiation level from approximately 2,000 mr per hour to 
about 20 mr per hour. 

(e) The jeweler’s lathe was removed from storage and sprayed 
with soft spray. After completion of this procedure the lathe showed 
a reading of 5,000 mr per hour it was dismantled, placed in a 5 
gallon can of kerosene, and lead bricks were placed around it. 

Right after this an employee entered the laboratory, removed a 
cesium 137 source from the storage well, and loaded it into a pro- 
jector. At that time the manager noted a high radiation reading 
outside of the iron doors at the end of the hot cell. 

Subsequent to the manager’s observation of contamination in the 
vicinity of the hot cell, he made further inquiries concerning the 
spread of contamination. During the following week he determined 
that the laboratory area was contaminated, that employees’ street 
clothes and shoes had been contaminated as a result of the incident 
and that some radioactive material had been carried into employees’ 
homes and automobiles. 

One more entry was made to the laboratory, when the manager 
entered to procure some equipment. It was then closed down until 
decontamination work was begun. 


Nature of injuries or loss 


Radiation exposures received by employees while working in the 
laboratory area show that neither of the two employees present in 
the laboratory at the time of the accident received a radiation ex- 
posure, during the week the accident occurred, in excess of permissible 
values established in the AEC “Standards for Protection Against 
Radiation.” 

About 4 weeks after the accident occurred, one of the employees 
received an exposure of 1,720 millirems, which is about twice the 
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exposure permissible under the regulations for any period of 7 con- 
secutive days. This occurred during the clean up operations in the 
laboratory. 

This one employee’s cumulative exposure record for 13 consecutive 
weeks including the week of the accident and the clean up, was 3,875 
millirems. 

This exposure exceeds the permissible quarterly exposure, under 
these conditions, by about 25 percent of that permitted by regulation. 
There were no other overexposures to employees recorded during that 
period. Twenty persons, nineteen of them employees or members of 
their families and one a neighbor of an employee, were medically 
examined. Except for a minor radiation burn noted on each of the 
two employees who were present at the time of the accident, medical 
examination were negative. 


EXPOSURE TO PLUTONIUM 


Hanford, Wash., April 22, 1957. 
Nature of accident 

Employee exposed to plutonium nitrate. 
Description of operation 

A maintenance man was unplugging the dip leg of a tank. 
Details of accident 


A torn glove in a glove box hood resulted in an employee’s thumb 
and finger being contaminated with plutonium nitrate. The electric 
drill the employee was using to unplug the dip.leg stalled and stopped. 
When the employee attempted to pull the drill out the chuck rotated 
in an opposite direction to the spiral bit and caused the hood glove 
and both surgical gloves he was wearing to twist around the chuck 
and tear. To prevent contamination spread the hand was wrapped 
in a wet cloth as it was drawn from the glove box opening. After the 
hand was wiped the left thumb and index finger were contaminated to 
a level of 0.15 mc. Decontamination efforts were continued at first 
aid until the skin was too thin to continue. The hand was coated with 
plastic at 0.0025 me and decontamination efforts were discontinued 
until the following day. At that time the plastic was removed and 
the level dropped to 0.001 mc or less. 


Nature of injuries or loss 
Since the accident five samples have been analyzed, all of which 
have been negative. It can be said that there was no external or 


internal deposition of plutonium. ‘The employee is working at his 
regular assigned duties. 


DRY BOX EXPLOSION 


Rocky Flats, Colo., June 14, 1957. 
Nature of accident 
Two men injured by an explosion in a dry box. 
Description of operation 
The men were performing a routine operation inside a sealed dry box. 
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Details of accident 


When a whistling noise was detected during a routine operation, the 
operators decided to vacate the vicinity. The explosion occurred dur- 
ing this evacuation, which résulted in the shattering of glass and 
blowing out one of the panels of the box. The individuals concerned 
were sprayed or struck by flying debris, causing minor abrasions and 
cuts and considerable plutonium contamination. 


Nature of injuries or loss 


One employee had a cut on ie temple and eyebrow and a minor 
cut on his lower right cheek. The other employee involved in the 
accident had a surgical amputation of %.-inch bone, distal phalange, 
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> right little finger, to remove the plutonium. Four-tenths of a micro- 
l gram of plutonium was deposited in an abrasion wound on the face 
of one man, and about 0.5 micrograms of plutonium in a wound on 
the second. Losses due to damage to the dry box, equipment, room, 
and clean up costs were $31,000. 
Remarks 
Adequate safety enclosures should be utilized and designed to resist 
the explosive release of the total energies available. Equipment pro- 
vided for work of this nature should be designed with recognition of 
and provision for the explosion hazards normally associated with 
materials of this nature. 
. BETA BURNS TO HAND 
ic University of California Radiation Laboratory, June 27, 1957. 
. Nature of accident 
ce An employee received a 1,000 to 2,000 rem dose to his hand. 
k Description of operation 
ad The employee was working in a glove box with about 85 me of 
he strontium 90 contained in a centrifuge tube. 
” Details of accident 
th During the processing of strontium carbonate in a glove box an 
ed employee received beta burns on a part of the hand holding the centri- 
nd fuge tube as a result of misjudgment of the amount of beta attenuation 
achieved through the glass wall of the tube and his rubber gloves. 
Nature of injuries or loss 
ch The damage consisted of blisters which developed in about 2 weeks. 
or Under the surveillance of the medical group but without necessity of 
his treatment, the condition cleared up and as of the present time there 
is no evidence of permanent damage. This accident did not consti- 
tute a spill or involve contamination. 
EXPLOSION IN GLOVE BOX LINE OF PLUTONIUM FACILITY 
Los Alamos, N. Mex., August 16, 1957. 
Nature of accident 
Explosion in plutonium processing hoods. 
Dag Description of operation 


Manufacture of plutonium metal. 
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Details of accident 


A chemical operator was cleaning rust from lathe collets in one of a 
series of connected glove box hoods, using a motor-driven (open-case) 
rotating brush. At the same time, a machinist was coating a lathe 
and chain hoist with a flammable lubricating and rust-preventive 
solution in an interconnected glove box. Vapor from the flammable 
solution which the machinist was using circulated throughout all the 
hoods, and sparks from the chemical operator’s electric rotating brush 
caused the explosion. (Combustible plutonium dust in some of the 
boxes may have contributed to the explosion.) 


Nature of injuries or loss 
The chemical operator received a slight contusion on the head and 
another employee received a blow on the shoulder. Exposure to men 


in the room from plutonium-contaminated dust was less than 1 per- 
cent of the maximum permissible body burden. 


Remarks 


A nonflammable solvent will be substituted for general cleaning. 
Also a study is being made to determine if a rust-preventive solution 
with a nonflammable vehicle can be found that will meet operational 
requirements. 

METALLIC PLUTONIUM FIRE 


Rocky Flats, Colo., September 11, 1957. 
Nature of accident 


A small amount of metallic plutonium spontaneously ignited and 
transmitted fire to the plastic structure of the dry box in which it was 
stored. 


Description of operation 
Plutonium processing. 


Details of accident 


At 10:10 p.m., watchmen discovered a fire which appeared to 
involve plutonium within a dry box, polyethylene parts of the box 
itself, and rubber gloves (normally used to prevent skin contact durin 
handling of plutonium). Knowing that plutonium was handled | 
stored in the area, and might be involved in the fire, firefighting was 
delayed until personnel could put on protective clothing and evaluate 
the hazards involved. Portable carbon dioxide extinguishers, ranging 
up to 100-pound units, were emptied on the fire without effect 
Although there was considerable uncertainty regarding the criticality 
hazards involved, if water should be applied, water was finally applied 
to the fire in form of a spray and this proved effective for control of the 
fire, with no nuclear event. Spontaneous ignition of plutonium 
chips in a container stored in the dry box was determined to be the 
origin of the fire. 

he fire had two serious consequences: 

(1) It allowed escape and dissemination of considerable plutonium 
oxide throughout the immediate area in the plant; 

(2) It burned through the combustible CWS filter at the dry box 
permitting flames and some unburned combustible gases to pass 
through primary exhaust air ductwork to the large main bank of 
filters which were of a combustible type. 
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_ Combating fire in the main filter bank was impeded both by 
radiological hazards to personnel and by difficulties in selecting 
msitied for extinguishing the fire without simultaneously destroying 
the integrity of the filters. 

On two occasions during the fire, low order explosions were exper- 
ienced from not fully explained causes, but suspected to be due to 
ignition of gases generated by plastic heated in the fire. About 13 
hours after its inception, the last remnants of the blaze were ex- 
tinguished, Virtually all of the units in the large filter bank were 
destroyed. 


Nature of injgury or loss 


No employees were overexposed to radiation. Fire damage and 
contamination cleanup losses were considerable. 


RADIATION EXPOSURE 


Oak Ridge, Tenn., October 4, 1957. 
Nature of accident 
An employee accidentally exposed himself to radiation. 
Description of operation 
Chemical processing operation. 
Details of accident 

An employee accidentally received an exposure to radiation when 
he mistakenly entered a room containing highly radioactive material 
and received exposure for less than 1 minute to a level of 49 roentgens. 
The room he entered contained chemical tanks of radioactive residues 
used in connection with processing irradiated fuel elements. 

The individual concerned entered the locked rooms, by mistake, 
using a key he was permitted to carry, to seek a wrench he thought he 
had left. It turned out that the wrench was in the next room. 

The accident was first discovered when a pencil-type radiation 


detection instrument was examined at the end of the day’s shift and 
was confirmed when film badge was processed. 


Nature of injuries or loss 


The exposure received amounted to slightly less than three and a 
half times the exposure normally permitted in 1 year for workers in 
atomic energy facilities who are exposed routinely to radiation. The 
individual apparently suffered no ill effects and continued working, 
but was transferred to other work. 





JANUARY THROUGH DeceMBER 1958 





EXPOSURE 





ACCIDENT 


Rocky Flats, Colo., February 4, 1958. 
Nature of accident 
Employee received ingested radiation. 





Description of operation 
Changing filters in a prefilter bank. 
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Details of accident 

A boiler-ventilator operator was changing filters. He was engaged 
in this work for about 1 hour. 

Later, a check by health physics personnel indicated he had received 
some ingested radiation. An examination of the mask used by the 
employee showed that the filter paper in the mask had been crimped, 
allowing unfiltered air to come through. 


Nature of injuries or loss 
The employee received as much as one-half the body burden 


HOT BOX FIRE 


Freeport, Ill., May 6, 1958. 
Nature of accident 
Hotbox fire. 


Description of operation 

Rail shipment of radioactive material. 
Details of accident 

A journal box fire had occurred on a flatcar in railroad yards. The 
fire spread to the wooden platform of the car. Railroad employees 
attempted to extinguish the fire but could not. The local fire depart- 


ment was called and extinguished the fire using CO, and a booster 
(water) line. 


Nature of iniuries or loss 


The fire did not involve the shipment, so there was no radiation 
problem. 


Remarks 


Hot box fires are fairly common and can easily spread to the wooden 
platform of a car, as happened in this case. Exposure to shipments 
of radioactive materials and to structural members holding shipments 
in place could be reduced by replacing such platforms with suitable 
noncombustible material. It could be reduced to a lesser extent by 
insulating the underside of wooden platforms (over the journal boxes) 
with suitable noncombustible material to minimize the possibility of 
a hot box fire spreading to the wooden platform. 


TENTH AEC CRITICALITY ACCIDENT 


Oak Ridge, Tenn., June 16, 1958. 
Nature of accident 


A criticality accident occurred in a 55-gallon stainless steel drum at a 
production facility. 


Description of operation 

Eight employees were in the vicinity of the drum at the time of the 
accident. All of them were carrying out routine plant operations and 
maintenance. One employee, a chemical operator, was participating 
in the leak testing which inadvertently set off the reaction. He was 
within 3 to 6 feet of the drum when the incident occurred. The other 
seven were from 15 to 50 feet away at the time. Two were engaged in 
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installing ductwork; two electricians were engaged in removing 
conduit; two others, a welder and a machinist, were located on a 
mezzanine near the scene of the incident, and the seventh, a chemical 
operator, was in the process of starting up an evaporator some 50 feet 
away. 

Details of accident 


On the afternoon of the incident, eight men were working in a wing 
of a processing plant. A chemical operator noticed a sudden blue 
flash and immediately thereafter heard the evacuation alarm sound, 
indicating existence of excessive radiation hazards. He and the 
others promptly left the building. All employees evacuated following 
preestablished emergency procedures. As a precautionary measure, 
the road to the plant was barricaded and employees reporting on the 
afternoon shift were delayed from reporting to work. 

Specialists, brought in to determine the source of radiation, estab- 
lished the specific location of the incident and defined the radiation 
field. Road blocks were removed and employees were allowed to 
enter all work areas, with exception of that portion of the building 
where the incident occurred. 

Immediate efforts were directed toward determining whether any 
individual had been exposed to excessive radiation, providing medical 
care, and in decontaminating and cleaning up the affected building 
wing. By this time, it had been established that a criticality or 
nuclear excursion had occurred in a 55-gallon stainless steel drum. 

A diagram showing the principal equipment involved in the accident 
is shown. Immediately prior to the accident, tanks (Nos. 2 and 3 in 
the diagram) were being leak-tested with water. Before this, and 
unknown to the operator, it is believed, that due to valve leakage 
and/or operator error, enriched unranium solution had flowed from 
storage tank No. 1, partially filling tank No. 2. 

The balance of the void area in tank No. 2 was filled with water 
during leak testing. When the operator opened valve A to drain the 
contents of tank No. 2 into the stainless steel drum, the level of en- 
riched uranium solution in the drum built up to a point permitting 
initiation of a critical nuclear reaction, accompanied by the “blue 
glow” in the solution seen by the operator. The enriched uranium 
solution flowing from tank No. 2 into the drum was followed by water 
from the same source, which diluted the solution in the drum below 
the concentration necessary to maintain the critical reaction. 

It is apparent that a solution must assume the shape of the container 
in which it is placed. While the enriched uranium solution was in 
tanks Nos. 1, 2 or 3, the shape, i.e. geometry, of the solution was such 
that.a nuclear reaction could not take place. The shape of the same 
solution when in the drum, however, was favorable for a nuclear 
reaction after a certain depth of solution had been reached. For a 
critical reaction to occur, the solution not only has to be in a favorable 
shape, it also has to be in a favorable concentration. These condi- 
tions occurred. The reaction was stopped by water, which, after 
the operator left, continued to flow into the drum, reducing the 
concentration below that necessary to maintain the critical reaction. 

To insure that further nuclear reaction would not occur, sheets 
of cadmium, a neutron-absorbing material, were inserted into the 
55-gallon drum. Samples of the material in the drum were taken for 
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analysis and later the contents of the drum were transferred to 
“always-safe’”’ containers and removed to a shielded location. There 
was no explosion, nor would one be expected under the circumstances. 
However, there was emission of radiation from the nuclear excursion 
which is believed to have occurred in a pulsing manner with periodic 
emissions of radiation for a duration of not exceeding 4 minutes. 


Nature of injuries or loss 

Since the determination of radiation exposure from a reaction of 
this type is complicated under any circumstances, special methods 
were used to determine the neutron and gamma exposure of the 
individuals nearby. 


Sometime before the accident 
uranium solution leaked from 
tank No. 1 into tank No. 2 
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These methods included readings from indium foil which is ineor- 
porated in all security badges; determining the radioactivity of 
sodium 24 in the bodies of those exposed through whole body and 


blood counting; and by measurements obtained through a mockup of 
the accident. 


Through use of these methods, it was estimated that the eight men 
received the following radiation exposures: 461 rem, 428 rem, 413 
rem, 341 rem, 298 rem, 86 rem, 86 rem, and 29 rem. 

Property comtamination 


Contamination of the area was slight. Decontamination costs 
were under $1,000. 


Norre.—A complete technical report of this incident is available 
from the Office of Technical Services, U.S. Department of Commerce, 
Washington 25, D.C. Price $2.75. 


X-RAY TECHNICIAN EXPOSED 


Middletown, Conn., June 16, 1958. 
Nature of accident 

Exposed to X-ray radiation. 
Description of operation 

Taking X-ray of a metal tube in an X-ray room. 
Details of accident 

X-ray technician had completed the taking of an X-ray of a metal 
tube. The X-ray machine was operated at 100 kv. and 10 ma. for a 
period of 1 minute. Employee stated that the timer returned to 
zero and the red warning light on the panel went out. Therefore, 
he entered the X-ray room to change his setup in preparation for 
another picture. Unknown to the X-ray technician, he was being 
exposed to X-ray radiation because of a malfunctioning panel. 
Nature of injuries or loss 


Employee film badge indicated he was exposed to a radiation level 
of 885 mr. 


RADIUM-BERYLLIUM SHIPMENT VEHICLE ACCIDENT 


Grand Junction, Colo., June 20, 1958. 
Nature of accident 


A truck carrying a radioactive source went out of control down an 
embankment into the Colorado River. 


Description of operation 

Transporting radioactive source by truck. 
Details of accident 

The truck carrying the source went out of control, plunged into the 
river, and submerged in about 30 feet of water. 

Skin divers entered the river, located the truck, and secured a cable 
to the front tow bar to enable a wrecker to draw the truck to the bank 
of the river. A line was secured to the frame of the truck from a large 
crane, and it was in position to raise the truck from the water. This 
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was done, and the truck was suspended vertically on the road for 
inspection. 
Nature of injuries or loss 

Damage to the turck was largely confined to the cab and the top 
portion of the van. The source was located in the lower right side 
of the van, shielded in a spherical container inside a compartment 
of the van. Neither the compartment nor the source container were 


damaged. No exposure of consequence was received by the public or 
salvage personnel. 


FIRE INVOLVING RADIOACTIVE MATERIAL 
Attleboro, Mass., June 23, 1958. 
Nature of accident ; 
Fire involving 6 pounds of slightly enriched uranium. 
Description of operation 
Degreasing uranium in a portable electric vapor degreaser. 
Details.of accident 


A fire occurred when slightly enriched uranium scrap had just been 
degreased with perchoroethylene. 
he local fire department was called, but the fire was extinguished 
without their assistance. 
Smoke within the building was cleared by means of an exhaust 
ventilation system which includes noncombustible prefilters and 
absolute filters. 


Nature of injuries or loss 


No personnel were overexposed or injured as a result of the fire, 
and no material was lost. 


TRITIUM GAS RELEASE 
Los Alamos, N. Mex., July 25, 1958. 


Nature of accident 


An increase in activity in the exhaust air from the hood indicated 
radioactive gas was released to the atmosphere. 


Description of operation 
Laboratory experiment. 
Details of accident 


A small amount of tritium gas escaped from the laboratory gas 
handling system into the atmosphere via the exhaust system. The 
probable loss was} caused by a failure of a ring which seals around a 
movable piston in one of the pumping cylinders. 

The area was evacuated and the site temporarily closed, as a 
precautionary measure, following the leakage. 


Nature of injuries or loss 


The wind direction at the time of evacuation was ideal in that no 
personnel were located immediately downwind, and dissolution and 
dispersal were immediate. The concentration in the room did not 
increase above background. 

Following the accident, urine assays of samples submitted by site 
personnel were all below the permissible level. 
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POLONIUM ACCIDENT 


Miamisburg, Ohio, December 4, 1958. 
Nature of accident 

Employee inhaled polonium 210. 
Description of operation 

Handling and counting of a polonium alpha source. 
Details of the accident 


The exposure occurred during the handling and counting of a 
polonium 210 source. The source was odd sized, and it was necessary 
to count it in an unorthodox manner. 


Nature of injuries or loss 


The employee received an estimated body burden of 3.5 times the 
maximum continuous body burden. 


Remarks 


Operating groups have been instructed that, in the future, respira- 
tory protection must be worn by personnel during any counting 
operations which cannot be done in the normal manner. 


FATAL INJURY ACCOMPANIES 11TH AEC CRITICALITY ACCIDENT 


Los Alamos, N. Mex., December 30, 1958 
Nature of accident 

Criticality accident occurred in a 225-gallon stainless steel tank. 
Description oy operation 

Plutonium recovery operation. 
Details 03 accident 


After placing the emulsion in the tank, the operator was believed 
to have added a dilute plutonium solution from a second tank. Solids 
containing plutonium were probably washed from the bottom of the 
second tank with nitric acid and the resultant mixture of nitric acid 
and plutonium-bearing solids added to the tank containing the 
emulsion. Shortly after starting the stirrer motor to initiate an ex- 
pected mild nonnuclear reaction between the emulsion and the acid, 
the operator observed a ‘blue flash,’’ which was also observed by a 
second employee in an adjoining room. 

The operator then ran out of the building and told a second em- 
ployee: “I am burning up.’”’ Perhaps because of an incorrect belief 
that the “burning”’ feeling had resulted from acid exposure, the em- 
ployee was led to a shower. 


Nature of injuries or loss 


The employee died 35 hours later from the effects of a radiation 
exposure tentatively estimated at 12,000 rem (plus or minus 50 
percent). 

Two employees (other than the operator) received radiation ex- 
posures ranging up to 118 rem. These employees were not seriously 
injured. Property damage was reported as negligible. 

Nore.—When the investigation is cmalabel the report will be 
available from the Office of Technical Services, U.S. Department of 
Commerce, Washington 25, D.C. 
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